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1.1 INTRODUCTION 

 

The Bad River Band of Lake Superior Tribe of Chippewa, formerly known as the La Pointe 

Band of Chippewa is a federally recognized Tribe organized under the Indian Re-Organization 

Act of 1934. The Bad River reservation boundaries encompass 124,654 acres of land in northern 

Wisconsin on the south shore of Lake Superior, known by the tribe as Gitchi Gaming, in Ashland 

and Iron Counties. Territories ceded by the several Bands of Lake Superior Chippewa to the US 

government are documented in the Treaties of 1836, 1837, 1842, and 1854, which includes the 

upper one third of what is now the State of Wisconsin.  

 

The base reservation includes nearly 200 acres on Madeline Island, set-aside for the Bad River 

Band in the Treaty of 1854.  This treaty was finalized on September 30, 1854 at Lapointe on 

Madeline Island, the cultural/religious center of the Ojibwe. Of all the Lake Superior Chippewa 

Bands, Bad River is the only Band to retain lands on Madeline Island through Treaty. The Band 

retains all rights on the Reservation and in the Ceded Territories that were not reserved by treaty, 

these include hunting, fishing, and gathering rights and the governing authority and 

responsibility to regulate the exercise of those rights by its members under Band law. 

 

The Tribe is governed by a seven member Tribal Council serving two-year staggered terms. 

Tribal Council members are elected annually by a majority vote of the eligible Tribal 

membership. The tribe has over 8,000 members, the majority living off-reservation; nearly 1,800 

members living on-Reservation in one of five main communities:  New Odanah, Old Odanah, 

Birch Hill, Frank’s Field and Aspen Acres, along with several scattered home sites throughout 

the Reservation. 

 

The 125,000-acre Bad River Indian Reservation is located in parts of Ashland and Iron Counties, 

in northern Wisconsin.  National Land Cover Database measurements from 2013 show that 

96.7% of the Bad River Reservation is in a natural state, leaving only 3.3% classified as 

developed, cultivated, pastured, or barren. The natural state of the Bad River Reservation is 

comparable to the 98.2% calculated for the nearby Rainbow Lake Wilderness in the 

Chequamegon-Nicolet National Forest (Jin et al., 2013). 

 

The Bad River Reservation is 77% forested, 11% is wetlands and sloughs, and the remaining 

area consists of farmland, residential communities, and roads (Elias, 2001). Among the most 

diverse and extensive wetlands of the Reservation are the Kakagon and Bad River Sloughs, a 

16,000 acre estuarine complex along the south shore of Lake Superior. In 2012, the Sloughs were 

recognized as a wetland of international significance under the RAMSAR Convention and, that 

same year, received the Blue Globe Award for North America from the World Wetland Network.  

Additional formal recognitions of the Sloughs include a Wisconsin Land Legacy Place, a Nature 

Conservancy Priority Conservation Area, and a National Park Service National Natural 
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Landmark. The Reservation has approximately 40 miles of Lake Superior shoreline, and over 

100 miles of navigable rivers and streams flowing into Lake Superior via the Bad, White, and 

Kakagon Rivers.  Approximately 200 acres of Reservation land are on Madeline Island, which is 

the only Apostle Island not included in the Apostle Islands National Lakeshore. 

 

In addition to hosting critical habitat and biodiversity, important sources of subsistence are 

provided by this natural system. Wild rice (Zizania palustris) is an aquatic plant of particular 

significance. As described by Nesper and Quick (Environmental Appendix E), wild rice 

represents a foundation of intergenerational practices, social connectivity, nutritional health, and 

spiritual resilience.  It is also a critical source of seasonal nutrition for wildlife, especially 

migratory and partially-migratory birds; including the American Bittern (Botaurus lentiginosus), 

Black Duck (Anas rubripes), Bald Eagle (Haliaeetus leucocephalus), and Long-Eared Owl (Asio 

otus) (EPA 2009). Likewise, the Sloughs supply nursery habitat for native and sport fish; such as 

lake sturgeon (Acipenser fulvescens), walleye (Sander vitreus), and yellow perch (Perca 

flavescens) (Wisconsin Wetlands Association, 2010). The reservation is also home to a variety of 

wildlife species such as the ruffed grouse (Bonasa umbellus), wood turtle (Glyptemys insculpta), 

black bear (Ursus americanus), beaver (Castor canadensis), moose (Alces alces), white-tail deer 

(Odocoileus virginianus), and gray wolves (Canis lupus). Ojibwe names of all plants, animals, 

and places within this document can be found in Appendix K. 

 

The Bad River Band of Lake Superior Tribe of Chippewa Indians (henceforth, “Bad River Band” 

or “Tribe”) is requesting the Environmental Protection Agency (EPA) to redesignate the air 

quality within the exterior boundaries of the Bad River Reservation to Class I status as provided 

under 40 CFR Part 52.21 Prevention of Significant Deterioration rule of the Clean Air Act 

(CAA).  The Bad River Band has previously demonstrated to the EPA that it is a federally-

recognized tribe, has a governing body carrying out substantial governmental duties and powers, 

exercises functions pertaining to the management and protection of air resources within the 

exterior boundaries of the Bad River Reservation, and has demonstrated the capability to 

administer delegated CAA authorities consistent with applicable regulations (Swanstrom 2004).  

The Tribe’s authority to regulate air quality within the Bad River Reservation stems from its 

inherent sovereignty over its territory, as recognized by the Government of the United States in 

the treaty of 1854, and by the delegated jurisdiction explicitly defined by the United States 

Congress in the 1990 amendments to the CAA.  Given this expressly delegated authority by 

Congress, the Tribe is relying upon that source for the authority to redesignate the air quality 

status of the Bad River Reservation. In 2004, Bad River became the first Tribe in Wisconsin 

granted Treatment as a State for air quality.  Under this authority, the Bad River Tribe is entitled 

notification by any state (Wisconsin, Michigan, and Minnesota) issuing permits for sources 

within 50 miles of the Reservation. The Tribe has the opportunity to provide recommendations to 

these States and must be notified should the States not accept any of these recommendations. 
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1.2 AFFECTED AREA 

 

The area proposed for redesignation to Class I air status is the entirety of the 124,655 acres 

(50,446 hectares) of land occurring within the exterior boundaries of the Bad River Reservation 

as established in the 1854 treaty between the signatory tribes and the United States of America. 

 

 
Figure 1.  Map of the Location of the Bad River Reservation 

 

Topography 

The Bad River Reservation lies entirely in the Superior Lowland, a physiographic region of low 

relief on the south side of Lake Superior and north of the Penokee-Gogebic Range.  The 

Reservation's elevation rises from Lake Superior's mean surface of 602 feet above sea level to its 

highest elevation of more than 1,280 feet in the southeast toward the crest of the Penokee Range.  

The landforms within the Reservation are the result of glacial processes scouring the bedrock and 

reworking the loose sediments, producing a landscape dominated by a lowland clayey basin with 

numerous ravines, lakes and shallow wet depressions, and a rim of steeper landforms where the 

underlying bedrock prevented the ice from gouging.  These sloping landforms are typically 

sandier and show evidence of many old remnant beachlines from higher lake levels, as melting 

glacial ice released huge volumes of meltwater that were periodically trapped in the Lake 

Superior basin (Elias, 2001). 
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Climate and Weather 

In North America, the Upper Midwest, Northern Plains, and Great Lakes regions are classified as 

Dfb in the Köppen Climate Classification System. Dfb describes an area as having a humid 

continental climate with relatively uniform year-round precipitation and warm summers. Mid-

latitude westerly winds guide migratory high and low pressure centers through the region, 

leading to large variations in temperature, precipitation, and wind from one day to the next, 

particularly during the transition seasons of spring and fall.  

 

The elevated terrain of Iron and Ashland counties, including rising elevations of the far eastern 

and southeastern portions of the Bad River Reservation, see slight differences in temperature and 

precipitation patterns than the lower elevations in the north and western portions of the 

Reservation. Two National Climatic Data Center (NCDC) monitoring stations have established 

30-year climatic normals (1971-2000) in each of these regions, one located at the Ashland 

Experimental Farm (470349) at 650 feet above mean sea level, and the second in Gurney 

(473332) at 970 feet above mean sea level.  

 

Figure 2. Average monthly maximum and minimum temperatures, precipitation at Ashland 

Experimental Farm (light grey: temperature range on top, precipitation amount on bottom); and 

Gurney (dark grey: temperature range on top, precipitation amount on bottom) 
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Figure 3. 30-year annual precipitation map (1981-2010 from PRISM, Oregon State University) 

Precipitation is also influenced by elevation, linked directly to lake-effect and lake-enhanced 

snowfall from Lake Superior in the Wisconsin snow belts along the Penokee-Gogebic Range in 

the cooler months. Annual snowfalls range from 58.0 inches in Ashland to 139.4 inches in 

Gurney, closely following changes in elevation.  

 

Flooding events were recorded in September 1941, heavy rains leaving 1,500 people homeless 

with two deaths in the upper Chippewa and Wisconsin river valleys (Morton, McArthur, 

Neverman 32); 17 July 1942, 8.68 inches of rain fell overnight in Bayfield, destroying portions 

of the town resulting in several fatalities (Swenson 166); and 24 June 1946, 9.23 inches of rain 

fell, producing damage in Bayfield, Washburn, Ashland, and Glidden, while reportedly sending 

three feet of water roaring through Odanah (Morton, McArthur, Neverman 31). 

 

 
 

Figure 4. Wind rose (2011-2013) from Odanah, Bad River Natural Resource Department 
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Prevailing surface winds show a southwest to northeast flow with 48.5% of the wind measured in 

2012 from between west-southwest and south, measured at 10 meters in Odanah (AN645). See 

Appendix J for a more detailed wind rose. 

 

Weather monitoring supplements data obtained by monitoring ambient air pollution 

concentrations – dominant wind direction dictates transportation of air pollutants or temperature 

regimes can support low-level inversions which often trap pollutants close to the ground. 

Baseline measurements of these meteorological variables translate to climate and micro-climate 

snapshots, which in turn lead to a better understanding of pollution actions and interactions 

within an airshed. In addition, individual environmental components are affected by, and react 

differently to, short- and long-term weather cycles. Being able to link environmental interaction 

between air, soil, water, vegetation, and animals is a key component in air quality management. 

 

This technical report is intended to provide a satisfactory description and analysis of the energy, 

economic, health, environmental, and social effects of the proposed redesignation.  This chapter 

introduced the reader to the affected area.  The following chapters will provide a brief overview 

of the regulatory environment and a summary of findings from each analysis (energy, economic, 

health, environmental, and social). 

 

 

1.3 THE REGULATORY FRAMEWORK OF CLASS I AIR STATUS 

 

The CAA of 1970 was perhaps the greatest shift to the federal role in regulating air pollution.  

Along with an expansion of authority and other requirements, the CAA of 1970 (42 U.S.C. § 701 

et. seq.) required EPA to promulgate National Ambient Air Quality Standards (NAAQS); which 

establish numeric criteria for specific air pollutants based upon exposure durations.  However, 

the 1970 CAA only provided a very limiting reference to the concept of preventing significant 

deterioration.  Motivated by Sierra Club v. Ruckelshaus, 344 F.Supp. 253 (1972), and affirmed 

in Fri v. Sierra Club, 412 U.S. 541/5 (1973), Congress added provisions for the prevention of 

significant deterioration (PSD) to limit the maximum allowable increase of regulated pollutants 

above baseline conditions (42 U.S.C. § 7470-7479).  While NAAQS were designed to reduce air 

pollutant concentrations in degraded areas, PSD provisions were intended to maintain clean air 

and avoid the maximum levels permissible under the NAAQS.  Prior to the PSD provisions, 

there were no effective ways for protecting the extant quality of airsheds below the NAAQS-

established ceiling.  Class I redesignation under PSD was a method of ensuring that heavily-

polluting industries did not migrate to low-pollution areas that effectively allowed more 

degradation.        
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Figure 5.  Class I air status, and the CAA in general, focus on limiting human exposure and 

degradation of the local environment in the environmental risk framework.   

 

The PSD provisions established several mandatory federal Class I areas, including some national 

parks and wilderness areas, and designated all other attainment or unclassified areas as Class II 

by default (42 USC § 7472).  Under section 7474(c) of U.S. Code Title 42, the law also allows 

for the governing body of federally-recognized Indian Tribes to redesignate the air quality within 

the exterior boundaries of their Reservations.  It is one of the few cases in federal environmental 

law which specifically respects the capacity of sovereign tribal governments to self-determine 

what level of air quality is appropriate for their communities (Tracey-Mooney 2000).  

 

 
 

Figure 6.  Class I areas in the Western Great Lakes, (Bad River Natural Resource Department) 

 

The procedural requirements for such a redesignation include: 

 

1. Hold a public hearing on the redesignation in accordance with 40 CFR § 51.102 

2. Notify other states, Indian governing bodies, and federal land managers whose lands 

may be affected by the proposed redesignation, at least 30 days before the hearing. 

3. Prepare a report, and make it available to the public at least 30 days before the 

hearing, discussing the reasons for the redesignation and providing a satisfactory 

Emissions 
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Transport via 
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Human 
Exposure 

Interal 
Dosage 
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description and analysis of the health, environmental, economic, social, and energy 

effects of the redesignation. 

4. Provide written notice to the federal land manager.

5. Consult with the elected leadership of local governments in the area covered by the

proposed redesignation.

6. Consult with the state in which the Indian reservation is located and with any other

states which border the Indian reservation. 52 CFR § 21(g).

This report has been compiled to satisfy requirement three in the above list.  The Tribe notified 

the State of Wisconsin, Ashland County, Iron County, and the Towns of Ashland, Gingles, La 

Pointe, Sanborn, Saxon, and White River; simultaneously offering an invitation for consultation 

on May 7, 2014. As a courtesy, the Tribe also notified the State of Minnesota, the State of 

Michigan, Bayfield County, and Gogebic County on May 7, 2014. Federal Land Managers, the 

Bureau of Indian Affairs, the US Environmental Protection Agency, and Tribal Governments 

will be notified at least 30 days before public hearing. 

Under PSD, areas in attainment (i.e. having attained the standards of the NAAQS) are separated 

into three classes of permissible, incremental deterioration above baseline levels. These 

increments pertain to three primary pollutants: sulfur dioxide, total suspended particulates, and 

nitrogen dioxide (see Table 1.1). Air Quality Related Values (AQRVs), special attributes of an 

area requiring protection, may also be defined by the Land Manager of a Class I area. However, 

there is no requirement that AQRVs be defined prior to redesignation. AQRVs and their 

associated thresholds are not being set at this time.  

Table 1.1 PSD increments for Class I, II, and III areas by regulated pollutant. 

Pollutant Class I (µg/m3) Class II (µg/m3) Class III (µg/m3) 

SO2 annual 2 20 40 

SO2 24-hour 5 91 182 

SO2 3-hour 25 51 700 

PM10 annual 4 17 34 

PM10 24-hour 8 30 60 

PM2.5 annual 1 4 8 

PM2.5 24-hour 2 9 18 

NO2 annual 2.5 25 50 
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It is important to note that PSD permits are only required by new or significantly modifying 

major sources. A major source is defined as any one of 28 specified facilities (see Appendix A) 

that has the potential to emit ≥100 tons/year of a regulated pollutant, or if it is any other type of 

facility that could potentially emit ≥250 tons/year of a regulated pollutant (40 CFR § 

51.166(b)(2)). Sources with emissions lower than the “major” levels defined above do not 

require a PSD permit. Likewise, modifications only require a permit if they are considering a 

“major modification” (i.e. a net emissions increase ≥100 tons/year of a regulated pollutant by an 

identified “major source” or a modification by any other type of facility that could potentially 

emit ≥250 tons/year of a regulated pollutant due to the modification).   

 

Sources that either fall below the thresholds described in the previous paragraph, or have 

voluntarily limited their potential emissions below the major source thresholds are considered 

minor, do not require PSD permits, do not trigger baseline dates, nor are their emissions included 

in an increment evaluation. Likewise, minor modifications, even of major sources, do not trigger 

baseline dates and do not count towards increment consumption. 

Baseline dates have not been triggered in either Ashland or Iron Counties by major sources or 

major modifications. Without a triggered baseline in either county, increment analysis has not 

been conducted and Class II increments are not being consumed at this time. 

 

The Bad River Band has operated an air quality program on the Bad River Reservation since 

2000.  That program has functioned to monitor, preserve, and improve the air quality of the Bad 

River Reservation airshed.  In that spirit, the Tribe initiated monitoring in 2001.  Early 

monitoring employed a meteorological station and monitors for particulate matter with a size 

≤10µm (PM10) and Total Suspended Particulates (TSP).  By 2003, the Tribe had added a second 

monitoring site that expanded the collection of meteorological metrics (adding wind speed, wind 

direction, ambient temperature, humidity, barometric pressure, and precipitation) and included 

collocated monitors for particulate matter in sizes ≤2.5µm (PM2.5). The current status and 

detailed explanation of regulated pollutants can be found in Appendix B. 

 

This abbreviated discussion within which the redesignation proposal takes place illuminates 

several consistent trends: 1) tribal sovereignty has been formally recognized, although it has not 

always been respected by other governments; 2) the Tribe has sacrificed greatly to remain in its 

present location and has sought to retain those resources and lifeways which make this their 

home; and 3) the Tribe has consistently adopted tools of trade, science, and law in order to 

maximize the quality of life for its members, while balancing such adaptation with a need to 

ensure the way of life gifted by the Creator.  The establishment of Class I air status on the Bad 

River Reservation is informed by, supported by, and draws from each of these elements. 

 



 

10 

 

1.4 SUMMARY OF FINDINGS 

The Tribe seeks resignation to Class I status to protect the well-being of its people because clean 

air is essential to that goal. Clean air is crucial to protecting the Tribe’s rights and resources, 

especially the rights to hunt, fish, and gather. Redesignation would provide the Bad River Band 

with greater self-governance and self-determination to protect its people’s health, specifically 

those vulnerable to the damaging effects of pollution. Clean air and a clean environment are also 

important to the long term economic growth of the Reservation and the surrounding area as 

tourism and recreation are an important part of the local economy.  

 

The following sections summarize reports prepared to analyze the local effects of redesignation 

on energy, economics, the environment, health, and social aspects. 

 

 

Energy Effects of Redesignation 

The report titled “Energy Impact Analysis in Support of Class I Redesignation Request” 

prepared by Air Resource Specialists Inc. (Appendix C) is designed to support the energy 

impacts analysis required by 40 CFR 51.166 for any such redesignation request. The 

following is a summary taken from excerpts of that report. 

 

In performing the energy impact assessment, air dispersion models have been applied to 

hypothetical energy development projects located outside the Reservation to ascertain 

whether or not such projects would meet the Class I PSD increments on the Reservation. 

The Class I PSD increments would become enforceable under the Clean Air Act 

assuming that the proposed redesignation to Class I status were approved.  In this 

manner, the project assesses whether or not redesignation of the Bad River Reservation 

lands to Class I status under the PSD program would hinder potential future energy 

development in the region.  

 

The energy projects evaluated for this study included a hypothetical biomass electric 

generating plant located in close proximity to the Reservation (less than 50 km distant) 

and a hypothetical coal-fired electric generating plant located more distant to the 

Reservation (beyond 50 km).  The air quality impacts from both hypothetical projects 

were compared to the applicable Class I PSD increments for the pollutants of concern.  

 

Based on the hypothetical projects evaluated for this study, neither project would 

interfere with maintaining the Class I PSD increments on the Bad River Reservation.  

The air dispersion modeling for both the hypothetical near-field biomass-fired electric 

generation project and the hypothetical far-field coal-fired electric generation project 

would comply with the Class I PSD increments at the Bad River Reservation.  
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Although the hypothetical projects modeled for this report are representative of possible 

energy development project in the region, the energy study does not cover all possible 

future energy development projects.  Projects with high air pollutant emissions and/or 

projects located very close to the Bad River Reservation could be adversely impacted and 

face difficulty meeting the Class I PSD increments. Non-energy industrial development 

projects could expect similar impacts based on whether or not the emissions and 

dispersion characteristics are also similar to the modeled hypothetical projects.  

 

Based on an air quality modeling analysis performed by Air Resource Specialists (see 

Appendix C) no appreciable energy effects from redesignation are predicted for 

redesignation to Class I status. 

 

 

Economic Effects of Redesignation 

The description and empirical analyses of the economic effects of Bad River’s proposed 

redesignation contained in the report titled “Economic Effects of Proposed Class I Air 

Quality Redesignation” prepared by Power Consulting, Inc. (Appendix D) supports the 

following conclusions. 

 

A half-century of research has demonstrated that protecting and improving air quality 

protects health, reduces premature death, enhances local quality of life, boosts local 

property values, and otherwise enhances local economic well-being as well as local 

economic vitality. Air quality is not primarily a matter of aesthetics although it is that too. 

Air pollution has serious health consequences that lead to chronic illness and premature 

death. It degrades water quality and impacts natural systems threatening wildlife and 

outdoor recreation activities. It damages infrastructure, equipment, and buildings 

increasing maintenance costs and decreasing the working life of property. Ordinary 

citizens act to avoid higher levels of air pollution by avoiding areas with higher levels of 

pollution, driving property values down in those areas and depressing local economic 

vitality. 

 

The evidence indicates that Class I air quality designation and other efforts to protect and 

enhance air quality, while improving local health and economic well-being, do not 

damage local economic vitality. The Clean Air Act imposed Class I air quality status on 

many local areas around the nation, namely those areas with National Parks and National 

Wilderness Areas. If such more strict environmental regulation damages local economic 

vitality, we should see it in the local economies associated with these protected natural 

areas.  In fact, there is no evidence that these more stringent air quality regulations 
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reduced local economic vitality in the surrounding areas, quite the contrary. National 

Park and Wilderness counties demonstrate above average economic vitality. 

 

In addition, studies of the application of the Clean Air Act to move local areas into 

compliance with air quality standards do not suggest that such areas’ economic vitality 

has been retarded or damaged by the air quality restrictions and improvements in local air 

quality. 

 

Structural change in the Bad River Reservation area economy has decreased the 

likelihood that Class I air quality redesignation would limit economic development in the 

Reservation area. The analysis in the report (Appendix D) documents a major shift in the 

structure of the economy in which the Bad River Reservation is embedded. Paper, wood 

products, logging, and other manufacturing jobs have been relatively stagnant for four 

decades, while the rest of the economy grew significantly. As a result, the relative 

importance of paper, wood products, logging, and other manufacturing fell to about 40 

percent of what it previously had been. Given this 40-year decline in the relative 

importance of manufacturing activity in the Bad River Reservation study area, it is highly 

unlikely that there will be a major expansion in heavy manufacturing activity in the study 

area with or without the redesignation of the Reservation to Class I status. In that sense 

Class I redesignation of the Reservation would not constrain manufacturing activity in the 

study area, other national and international economic forces are much more likely to be 

the constraint as they have for most of the last half-century.  

 

That same economic transformation of the Reservation area economy has also increased 

the value of clean air to local economic vitality while decreasing the likelihood that those 

higher air quality standards would constrain local economic vitality. The ongoing 

economic vitality in the Bad River Reservation area has been led by the expansion of 

economic activities with relatively low point source air pollution: professional and 

technical services including health services, resorts and other visitor services, local 

government, etc. The study area has also been attracting both working-age and 

retirement-age in-migrants, drawn to the area by its social and natural amenities. A high 

quality environment also encourages visitors to travel to the affected area or locate 

vacation homes there for recreation purposes.  Local economic vitality has also been 

supported by families that have chosen to live in one county while working in another. 

Protecting and enhancing air quality improves the area’s quality of life and its 

attractiveness as a place to live, visit, and engage in economic activity. In that sense 

protecting air quality in the Reservation area, assists economic development efforts. 

 

Redesignation on the Bad River Reservation will not constrain economic development in 

the surrounding area. Air quality modeling done in support of the Bad River Band’s 
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proposed Class I air quality designation has demonstrated that a large air pollution source 

located adjacent to the Reservation would not violate the Class I air quality increments on 

the Reservation (Appendix C). In addition, most of the existing manufacturing facilities 

in the study area have quite modest emissions, far lower than the emissions of the 

hypothetical biomass-fueled electric generator that was modeled adjacent to the 

Reservation. That hypothetical generator, despite its emission of 350 tons of NOx and 105 

tons of SO2 per year, had very little impact on the Class I PSD increments on the 

Reservation. The forest products firm in the study area with the highest particulate 

emissions, the Columbia Forest Products Mill in Mellen (20 miles south Odanah) emitted 

about two-thirds of the particulate associated with the modeled biomass generator. All the 

other existing forest products firms in the study area had much lower air emissions for all 

of the controlled pollutants. In addition, new forest products facilities would likely deploy 

new technologies that would be less pollution-intensive than older existing operations. 

For all of these reasons, it is unlikely that the limited Class I increments available under 

Class I Reservation status would hinder the expansion of manufacturing activity similar 

to what is currently found in the region surrounding the Bad River Reservation. 

 

The area has significantly diversified its economy away from primary reliance on the 

natural resource and heavy industrial processes that in earlier decades made up its 

economic base. Such potentially polluting industrial sectors have been in decline in the 

region for many decades. The local economic base is increasingly tied to professional and 

technical services, including health services, education, local government, and a growing 

visitor economy. In addition, the low air emissions of the many existing manufacturing 

facilities located in the study area demonstrate that manufacturing expansion is 

compatible with clear air. 

 

Because of these changes in the structure of the regional economy surrounding the Bad 

River Reservation, the conclusion reached by the Forest County Potawatomi Community 

on the likely impact of Class I air quality redesignation for its reservation on industrial 

development in the surrounding area also would apply to the Bad River Reservation 

Class I redesignation: “The development of large industrial projects will very likely be 

effected more by economic viability, external market conditions, and other existing local 

environmental and land use restrictions than by the Class I redesignation.” 
1
 The US 

Environmental Protection Agency (EPA) cited this conclusion in support of its final rule 

approving Class I redesignation for that reservation.
2
 

 

 

                                                 
1
 Forest County Potawatomi Community PSD Class I Area Redesignation Report, p. 56 

2
 Federal Register Vol. 73, No. 83, April 29, 2008, pp. 23086-23101, p. 23091.. 
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Environmental Effects of Redesignation 

The analyses of the environmental effects of redesignation are summarized below from 

the report prepared by Corbett Grainger (University of Wisconsin – Madison) and Cyrus 

M. Hester (Bad River Band Natural Resources Department). The complete report can be 

found in Appendix E.  

 

There are many channels through which air quality affects natural resources, and 

quantifying the ecosystem and resource impacts of a change in air quality is notoriously 

challenging (EPA, 2011). Ecosystems are dynamic and air pollution impacts are 

widespread when they occur. The interactions of ecosystems with air pollution are, 

therefore, complex.  

 

Airborne pollutants directly affect soil and water acidity through deposition, while 

vegetation growth rates and health can be affected through more indirect channels, such 

as the formation of ozone (EPA, 2011). The buffering capacity of freshwater bodies can 

be impacted directly by acidic deposition (e.g. Lozovik et al. 2007), while species such as 

walleye (Sander vitreus) can be impacted directly (e.g. inability to reproduce at low pH 

levels; see the overview in Bozeket al. 2011) and indirectly (through a decreased ability 

to cope with other environmental stressors due to increased mercury loading; Jenson, 

1988). A detailed discussion of the current status of regulated pollutants can be found in 

Appendix B. 

 

Changes in air pollution have been demonstrated to impact all levels of organization, 

from molecular and cellular levels to regional–scale systems such as watersheds. The 

following primary areas relate to the impact of air pollution on local natural resources, 

focusing on impacts of pollutants regulated by the Clean Air Act Amendments: 

 

1) Acidic deposition 

2) Nitrogen deposition 

3) Tropospheric ozone 

4) Hazardous air pollutants 

 

Acidic Deposition 

 

Acidic deposition (both “wet” and “dry”) is among the most serious environmental 

problems facing many regions of the world. The predominant acids, sulfuric acid (H2SO4) 

and nitric acid (HNO3), are formed during the transport of air masses containing the 

primary pollutants: atmospheric sulfur dioxide (SO2) and nitric oxide or nitrogen dioxide 
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(NOx). Both are precursors to acidic precipitation, or “wet” deposition (Baird and Cann, 

2008). 

 

Acidic precipitation can result in significant, ecologically-damaging consequences 

through a number of direct and indirect pathways capable of impacting the natural 

resources on the Reservation and surrounding areas. Direct pathways include the toxic 

effects of atmospherically derived chemicals on plant tissues and function. It directly 

affects the broader ecosystem through acidification of water, leaching of soils, and a 

decrease in vegetation health and productivity (US EPA 2011).  

 

Nitrogen Deposition 

 

Nitrogen deposition leads to acidification as described above, but it also impacts both 

terrestrial and aquatic ecosystems by altering the extant biogeochemistry.  For example, 

Carpenter et al (1998) found that atmospheric nitrogen deposition in freshwater systems 

is an important contributor to eutrophication
3
. Reactive nitrogen takes the form of nitrate 

(NO3) or ammonia (NH3). The amount of reactive nitrogen limits plant growth, but 

“nitrogen fixation” causes unreactive nitrogen to be converted to reactive forms available 

to plants.  Ecosystems that are “nitrogen limited” will increase in productivity, for a time, 

as the supply of reactive nitrogen increases. However, continued N additions beyond 

saturation levels lead to declining returns in plant productivity and carbon storage 

(Vitousek et al. 1997). 

 

In aquatic systems, nitrogen deposition can cause shifts in phytoplankton composition 

and increases in algal blooms in nitrogen-limited lakes (FLAG, 2000). Likewise, nitrogen 

loading to terrestrial and wetland systems is believed to facilitate the invasion of non-

native plant species (Dukes and Mooney 1999, Tomassen et al. 2004, Rickey and 

Anderson 2004) currently present in the vicinity of the Bad River Reservation. 

 

Tropospheric Ozone 

 

Ozone (O3) pollution can also have impacts on Bad River’s resources at various levels of 

organization
4
, primarily through environmental effects on vegetation. At the cellular and 

molecular levels, ozone affects the oxidation of enzymes, disrupts membrane potential, 

reduces photosynthesis and nitrogen fixation, and increases apoptosis (EPA, 2011). 

                                                 
3
 High phosphorus levels are also required, as phosphorus is often a limiting factor for plant 

growth in freshwater ecosystems. 
4
 For a summary of ozone impacts at different levels of spatial organization, see Table 6-4 of US 

EPA’s 2011 report.  
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Aside from visible injury, ozone is phytotoxic, and ozone exposure can result in 

decreased growth or altered carbon allocation (U.S. EPA, 1996). Ozone is a strong 

oxidant. Ozone enters leaves through the stomata during gas exchange and causes damage 

such as chlorosis and necrosis (Bell and Treshow, 2002). 

 

Current estimations are that the majority of Bad River’s forest cover is sensitive to 

elevated ozone concentrations and certain species would be expected to be impaired if 

current conditions were degraded. All of these species are important to the Bad River 

community and its culture, but a number of ozone sensitive plants have also been 

specifically linked to traditional practices. Thus, there are social and ecological incentives 

to preventing the degradation of Bad River’s ambient air quality. 

 

Hazardous Air Pollutants 

 

Combustion of fossil fuels and other anthropogenic sources account for over half of 

mercury emissions, with mining and metals production remaining the principal source 

(54.5%) in the Lake Superior Basin (Lake Superior Binational Program, 2006; EPA, 

2011). Mercury is encountered in the environment as several forms, but the most 

hazardous form is methyl mercury. Sulfate-reducing bacteria in lake sediments and 

wetlands allow the transformation of atmospherically-derived mercury to methyl mercury 

(Evers et al., 2011). It is also important to note that both the solubility of mercury and the 

rate of methylation are increased considerably as waters become more acidic, generally 

resulting in elevated mercury levels in fish tissues and implying the potential for serious, 

cumulative effects from multiple pollutants (Baird and Cann 2008). Methyl mercury is a 

toxin that affects the reproductive, behavioral and developmental characteristics of 

mammals, birds, fish and aquatic invertebrates (EPA, 2011). It also passes more readily 

between both the blood-brain and placental barriers in humans (Baird and Cann 2008). 

 

The scientific literature has pointed to concerns regarding bioaccumulation and 

biomagnification of mercury in several important fish species in the region (Knobeloch 

and Anderson, 2005), such as walleye, northern pike, and largemouth bass (Micropterus 

salmoides). These fish species are important for human consumption, as well as the 

ecosystem (Gump et al., 2012). The accumulation of methyl mercury in aquatic 

ecosystems is of particular concern to the people of Bad River given that, on average, 

Anishinaabe consume nearly twice (197%) as many meals of fish as the average Great 

Lakes Fish consumer (mean values for 1993-2002 in Turyk et al., 2012). The 

accessibility and quality of subsistence fisheries, both on and off-Reservation, are integral 

to the lifeway of the Bad River community. In this way, the preservation and 
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enhancement of the environment which sustains such aquatic resources is essential to the 

lasting resilience of the Bad River people, their lands, and waters. 

 

There are many channels through which Class I designation would impact the 

Reservation’s natural resources. These channels include the prevention of significant 

acidification, nitrogen deposition, changes in ozone concentrations and impacts of 

hazardous air pollutants. The literature points to significant risks from the direct and 

indirect effects of criteria pollutants on the natural and cultural resources of the Bad River 

Reservation.   

 

Mitigating through air redesignation could benefit both the environment and surrounding 

communities.  In the case of regional commercial activity such as timber harvesting, the 

benefits could be estimated as the increase in profits due to better stand quality associated 

with improved ambient air quality. But for most of the region’s natural resources, much 

of the value will be primarily through nonmarket channels such as the protection of non-

commercial fish harvests, water quality, vegetative cover and/or growth, and visibility.  

These ecosystem services, in turn, offer economic benefits to a region through tourism, 

amenity-based services, and improved quality of life for workers and retirees (see Power 

and Power, Appendix D).  

Quantifying the likely impacts on the natural resources due to Class I designation is 

challenging due to the complexity of the ecosystem and the interrelated, cumulative 

effects of pollution on forests, water and wetlands. But, as a recent EPA study (2011) of 

the benefits of the Clean Air Act indicates, impacts on ecosystems are vast and important. 

The literature points to significant impacts of these pollutants on environmental 

resources, and Class I designation would greatly assist the maintenance of the quality and 

integrity of the Tribe’s resources for current and future generations. 

 

 

Health Effects of Redesignation 

The description and empirical analyses of the health effects of Bad River’s proposed 

redesignation is contained in the report titled “Health Effects of Redesignation” prepared 

by Matthew Neidell (Appendix F). Below is a brief summary. 

 

The primary goal of preventing significant deterioration is "to preserve, protect, and 

enhance the air quality" of the area. Aligned with this view, one motivational factor 

underlying the Tribe’s exercising of the right to redesignate the air quality within its 

boundaries is the greater health protection such conditions afford. Redesignation may 

also lead to improvements in the human capital of community members. These health and 
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human capital improvements are crucial for both the present and future health and well-

being of the affected communities. 

 

Epidemiological studies point to a wide range of cardiovascular and respiratory effects, 

mortality, and birth outcomes at PM2.5, ozone, and SO2 levels at or slightly above those 

commonly faced by tribal members. In general, Native Americans have much worse 

health than other races in the United States. Average life expectancy is over 5 years 

lower, with death rates from tuberculosis 500% higher (Indian Health Service, 2011). 

Any increases in pollution from current levels are likely to have a negative impact the 

health status of the Tribe.  

 

Short-term exposure, which generally consists of health effects within 1 week of 

exposure, studies have found that increases in PM2.5 can lead to asthma exacerbation, 

heart attacks, stroke, chronic obstructive pulmonary disease, and arrhythmia. Longer-

term exposure (over the course of a year or greater) has been shown to be associated with 

increases in mortality.  Increased prenatal exposure to PM2.5 is associated with decrease 

in birth weight and increases in the likelihood of preterm birth. While the degree of 

correlation versus causality varies between studies, the general consensus is that exposure 

to fine particulates has a causational role in the various health conditions, with the most 

confidence surrounding the effects from short-term exposure. Given the health effects 

found at levels just above those currently experienced in the tribal community, these 

findings suggest an increasing in PM2.5 from current levels has a strong likelihood of 

impacting a wide range of health outcomes in both the short and long run. 

 

Effects from short-term exposure to ozone predominantly include asthma-related impacts, 

either through admissions to the emergency department and hospital, increased use of 

medications, or respiratory-related functioning related to asthma. There is also some 

evidence of cardiovascular related impacts.  The long-term impacts consist of the 

initiation of asthma and infant mortality. Effects from prenatal exposure have been found 

for fetal growth, birthweight, and preterm birth. The estimates from short-term for 

respiratory-related outcomes are likely to represent a causal relationship, whereas the 

estimates for short-term exposure for cardiovascular outcomes, long-term exposure, and 

prenatal exposure are suggestive of a causal relationship. An increase in ozone levels 

from those currently experienced would likely lead to increases in respiratory related 

illnesses and reductions in newborn health. 

 

Short-term exposure to small concentrations of SO2 can produce temporary decreases in 

lung functioning and bronchoconstriction, leading to breathing problems, including 

wheezing, chest tightness, and shortness of breath (Balmes et al., 1987; Gong et al., 

1995). Asthmatics face considerably greater risks from SO2 exposure (Linn et al., 1987). 
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These impacts arise at levels both commonly experienced by members of the Tribe and at 

slightly higher levels as well. These results suggest that preventing a rise in SO2 is likely 

to confer respiratory and cardiovascular health benefits.  

Generalizing human capital and productivity effects to the region is more difficult, but 

still likely to be important. While several of the studies discussed focus on areas with 

higher levels of pollutants than those found on the Reservation, three of the studies 

(Ransom and Pope, 1992; Zweig et al., 2009; Graff Zivin and Neidell, 2012) focus on 

comparable levels, with the latter explicitly examining effects below NAAQS.  If the 

same threshold logic for health effects carries over to human capital effects, the 

plausibility of human capital effects is only strengthened. Therefore, while more 

speculative, resdesignation may also benefit the human capital attainment and productive 

value of tribal members, increasing the long-term well-being of the Tribe.  

 

Redesignation of the Bad River Reservation to Class I status, if successful in maintaining 

current pollution levels, would likely confer important health benefits to the members of 

the Tribe, members of the surrounding communities, and especially children, the elderly, 

and asthmatics. 

 

 

Social Effects of Redesignation 

The description of the social effects of Bad River’s proposed redesignation is contained 

in the report titled “Social Effects of the Proposed Class I Redesignation” prepared by 

Larry Nesper, PhD and Joseph Quick, MA (Appendix G). Below is a brief summary. 

 

The community at Bad River, like many American Indian reservation communities in the 

state and the nation, is culturally distinct by virtue of the extent to which social relations 

are informed by a logic of kinship as opposed to a logic of contract. Furthermore, Bad 

River tribal members are distinct from their non-Indian neighbors by conceiving of their 

personal and collective security as vested in social relationships with each other rather 

than in the accumulation of capital. Commonly true of many of the world’s hunting and 

gathering peoples, persons have obligations to each other that are validated in the 

reciprocal presentation of gifts.  

 

As a result of multi-century presence in this particular area of the southern shore of Lake 

Superior, living on the fruits of the lake and the land, members of the community have a 

strong and deep sense of belonging to the area.  Mike Wiggins offers the following: 
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 As an Anishinaabe people and a Bad River tribal member here within the 

boundaries of the Bad River reservation, for everything that we know from our ancestral 

migration story, our creation story, where our ancestors were and are, we are home. And 

I...can’t say it any other way then to say I don't have the luxury of leaving and calling 

somewhere else home. I don't. This place is rooted in the psychological, the religious, the 

spiritual, the physical in terms of what we're talking about with food, realms of 

everything that I know. It's essentially in our DNA (emphasis added). 

 

Asked directly about the need for the legal protection that would come under a Class I 

designation, Danny Powless offered the following:  

 

 “…if the air pollution were to increase…., it would slow our people down from 

doing our cultural things. It would be a big time. It would slow us down from what we 

do. Fishing, wild ricing, hunting...and this is what we are used to doing and this is our 

lifestyle. Protect it.” 

 

In 1994, the Forest County Potawatomi filed a technical report (1994:61) with the EPA 

seeking to redesignate the air quality status on the reservation.  The report quoted from an 

unidentified EPA assessment of environmental issues as they relate to social and cultural 

matters that asserted that the Indians in Wisconsin “have a lifestyle, culture, values and 

an environment different from most Americans.”  The Band not only make that same 

assertion herein, we provide extensive empirical proof of those differences in the 

narrative found in Appendix G as we explicitly articulate the significance of the natural 

resources that are harvested for the integrity of Bad River society and Ojibwe culture.  

The report has drawn upon current and past ethnographic and authoritative documentary 

sources to argue for the importance of maintaining the atmospheric conditions that are 

necessary to maintain the current environment and are necessary to maintain the physical 

health of a local population committed to the harvesting of the resources that make up 

that environment.  

 

Redesignation to a Class I area does not guarantee that the tribe will be able to maintain 

their resources in a pristine condition, it is, however, an important resource management 

tool that make it possible for this tribe that is dedicated to extending its commitment to 

self governance to protect resources for future generations.  Even more comprehensively, 

as the provisions of the Clean Act that permit tribal air quality management serve the 

federal Indian policy of Self-Determination--a policy that has been embraced by both 

Republican and Democratic administrations for the past four decades.   Designation of 

the Bad River reservation as a Class I air quality area demonstrably manifests this joint 

tribal and federal goal. 
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Conclusions 

 

These analyses conclude that the net effects of redesignation for the Tribe and region are 

positive.  Redesignation will protect public health and welfare, the environment, and 

ensure that economic growth will continue in a manner consistent with the preservation 

of existing clean air resources (42 U.S.C. sec 7470(1) and (3)). Tribal sovereignty has 

been formally recognized and the Tribe has consistently adopted tools of trade, science, 

and law in order to maximize the quality of life for its members.  
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List of 28 Major Source Categories 

 

 



 

 

  



 

 

 

 

 PSD Source Categories with 100typ Major Source 

Thresholds Major Sources 

 

40 C.F.R. § 52.21 

 

 

Hydrofluoric acid plants Primary aluminum ore reduction plants 

Sulfuric acid plants Primary copper smelters 

Nitric acid plants Primary lead smelters 

Sulfur recovery plants Primary zinc smelters 

Chemical process plants Taconite ore processing plants 

Charcoal production plants Iron and steel mills 

Coal cleaning plants with thermal dryers Sintering plants 

Carbon black plants (furnace plants) Secondary metal production plants 

Line plants Coke oven batteries 

Petroleum refineries Phosphate rock processing plants 

Fuel conversion plants Portland cement plants 

Kraft pulp mills Glass fiber processing plants 

Municipal incinerators capable of charging   

≥250 tons of refuse per day 

Fossil fuel boilers (or combinations 

thereof) totaling ≥250x10
6
 BTU/HR 

heat input  

Petroleum storage and transfer units with a 

total storage capacity exceeding 

200,000 barrels 

Fossil fuel-fired steam electric plants of 

≥250x10
6
 BTU/HR heat input 
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THE STATUS OF REGULATED POLLUTANTS 

 

The Bad River Band has operated an air quality program on the Bad River Reservation 

since 2000. That program has functioned to monitor, preserve, and improve the air quality of the 

Bad River Reservation airshed.  In that spirit, the Tribe initiated monitoring in 2001.  Early 

monitoring employed a meteorological station and monitors for particulate matter with a size 

≤10µm (PM10) and Total Suspended Particulates (TSP).  By 2003, the Tribe had added a second 

monitoring site that expanded the collection of meteorological metrics (adding wind speed, wind 

direction, ambient temperature, humidity, barometric pressure, and precipitation) and included 

collocated monitors for particulate matter in sizes ≤2.5µm (PM2.5). This section will provide an 

overview of pollutants regulated under Class I air status and describe the baseline condition of 

those pollutants in the region. 

 

All chemicals of concern have natural and anthropogenic sources, but certain anthropogenic 

sources are regulated due to a disproportionate or growing source (relative to natural 

background) that can have implications to human health or the environment. Total global 

emission estimates are limited in utility since (1) the environmental issues associated with SOx 

and NOx are partly regional in scale because of the short atmospheric lifetime of the species, and 

(2) the relationships of emissions to environmental effects (atmospheric concentrations, impacts 

to ecological systems) are nonlinear (Benkovitz et al. 1996). The following sections will focus on 

the current status of regulated pollutants including Sulfur dioxide, Nitrogen oxides, and 

particulate matter.  

 

 
Figure 1.  Monitored sources and emission levels of regulated pollutants in Wisconsin (EPA 

2008) 
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1.1 Sulfur dioxide 

 Natural and anthropogenic releases of sulfur to the atmosphere are of a similar magnitude 

and presently account for 70 Tg S year
-1

 [77 billion tons per year] (Simo 2001).  Oxides of sulfur 

(SOx = SO2 + sulfate) from anthropogenic sources make up 70% of global emissions; the 

remainder of emissions typically found in the form of miscellaneous compounds such as 

dimethylsulfide, hydrogen sulfide, carbonyl sulfide, and carbon disulfide from biogenic sources 

(Benkovitz et al. 1996).  Natural sources include volcanic production, anaerobic respiration by 

sulfate-reducing bacteria, the weathering of some bedrock, and the formation of dimethylsulfide 

by phytoplankton (Begon et al. 2006).  While natural sources tend to be distributed evenly 

throughout the globe, anthropogenic sources are concentrated in the industrialized zones of the 

developed world; where they can contribute up to 90% of the total sulfur budget for the region 

(Fry and Cooke 1984).  The combustion of fossil fuels is the principal anthropogenic source, 

with coal containing 1-9% sulfur and crude petroleum 0.3-2% based upon the source of the fuel 

(Benkovitz et al. 1996).  Other industrial sources which can generate significant amounts of 

sulfur oxides include the processing of materials containing sulfur (e.g. roasting of some ores, 

sintering plants), the production of sulfur compounds (e.g. sulfuric acid manufacturing), and the 

use of such compounds in the production of other goods (e.g. cellulose production; Benkovitz et 

al. 1996). 

 Sulfur dioxide emitted into the atmosphere is subsequently oxidized and converted to 

sulfuric acid in precipitation and aerosol droplets (Begon et al. 2006).  Together with NOx and 

NH3, these common pollutants are responsible for 30-50% of acidic precipitation (Mooney et al. 

1987; Sutton et al. 1993).  By lowering the pH of a given solution, acidic precipitation can have 

numerous and significant consequences for human health, manmade structures (e.g. marble or 

limestone statues and tombstones), aquatic systems, and terrestrial communities (see Grainger, 

this report).  For example, it has the capacity to affect vegetation directly, by degrading lipids 

and damaging membranes, or through indirect channels, by catalyzing the leaching of soil 

nutrients or rending them unavailable for uptake (Begon et al. 2006).  In addition, exposure to 

elevated levels of SO2 can induce irritating respiratory effects, such as bronchoconstriction, with 

individuals suffering from pulmonary diseases being particularly sensitive to the effects of SO2 

and its particulate derivatives (Rodricks 2007; see Neidell and Knauer, this report). 
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Figure 2. Monthly averaged one-hour SO2 concentrations and maximum monthly concentrations 

at Ashland, WI (LADCO 2012) 

During a one-year study from July 2010 through June 2011, sulfur dioxide (SO2) 

concentrations were generally very low, with two events measured on September 21, 2010 and 

September 24, 2010.  Despite two events in September 2010, measured SO2 concentrations 

remained very low and demonstrates background levels. 

 

1.2 Nitrogen Oxides 

 

Fossil fuel combustion, biomass burning, and soil emissions are the principal sources of 

nitrogen oxides (NOx = NO + NO2) at the global scale and amount to 40.3±1.5 TgN in annual 

emissions (Jaeglé et al. 2005).  Biomass burning and soil emissions are most prevalent at 

equatorial and subtropical locales, while fossil fuel combustion drives the NOx  budgets in the 

developed countries of the northern hemisphere (Jaeglé et al. 2005).  All of these sources are 

directly driven or perturbed by the activities of industrialized society; which have led to an 

estimated three- to five-fold rise in the emission levels of nitrogen oxides since pre-industrial 

times (Delmas et al. 1997, Vitousek et al. 1997, Denman et al. 2007).   

 

In the case of fossil fuel combustion and other high temperature processes, essentially all 

of the >20 million metric tons of mobilized or fixed nitrogen is emitted as nitric oxide (Vitousek 

et al. 1997).  Nitric oxide can be produced via the oxidation of nitrogen in the fuel itself, called 

fuel NO, or by the oxidation of atmospheric nitrogen at high temperatures, called thermal NO 

(Baird and Cann 2008).  While 30-60% of the nitrogen in fuel can be converted to nitric oxide 
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during combustion, fuel NO tends to account for a small fraction of NO emissions since most 

fuels do not contain much nitrogen.  But, the nitrogen content of fuels is also rather variable and 

can range from near zero to 1.5% of total mass (Delmas et al. 1997).  In the case of thermal NO, 

the Zeldovich mechanism explains nitric oxide formation from air dinitrogen in combustion 

processes.  It can be simplified as:  

 

N2 + O2 
         
        2 NO 

 

The high activation energy necessary to produce nitric oxide from dinitrogen in the 

presence of oxygen results in a strong dependence of the process on temperature (Delmas et al. 

1997).  The relatively low flame temperatures involved in the burning of wood or other natural 

materials means that traditional combustion processes tend to result in minimal nitric oxide 

production (Baird and Cann 2008).  In contrast, the high temperatures common to combustion 

engines ─especially at high speeds─ and modern power plants can result in the rapid production 

of NO.  These relatively high concentrations are maintained in cooled exhaust gasses and since 

equilibrium cannot be re-established quickly, nitrogen tends to become “frozen” as NO until it 

can be gradually oxidized to nitrogen dioxide (Baird and Cann 2008).  This oxidation process 

can take anywhere from minutes to hours and is highly dependent upon the concentration of the 

pollutants present.   

 

It is important to note that the principal anthropogenic emissions from fossil fuel 

combustion and biomass burning are superimposed on the relatively minor concentrations from 

natural sources; which include microbial processes, lightning, and transport from the stratosphere 

(Jaeglé et al. 2005).  Both biogenic and anthropogenic sources primarily influence the lower 

troposphere at a local scale due to the short atmospheric lifetime of nitric oxide (Delmas et al. 

1997).  But, their influence can be extended through the production of organic nitrates from the 

oxidation of hydrocarbons in the presence of NOx (Delmas et al. 1997).   

 

NOx levels can also have significant climatic implications as a typical rate-limiting factor 

in the formation of tropospheric ozone, the third largest contributor to radiative forcing identified 

by the International Panel on Climate Change (Vitousek et al. 1997, Denman et al. 2007).  The 

light-induced reaction of nitric oxide and unburned or partially oxidized hydrocarbons from 

internal combustion engines that produces ground-level ozone is often called photochemical 

smog, or “an ozone layer in the wrong place” to differentiate the anthropogenic phenomenon 

from the beneficial effects of stratospheric ozone (Baird and Cann 2008).  The final products 

resulting from the smog reaction ─ozone, nitric acid, HNO3, and partially oxidized (and in some 

cases nitrated) organic compounds─ are significantly more toxic than their relatively innocuous 

reactants (Baird and Cann 2008).    
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It is also important to note that ozone and nitrogen dioxide can cause cellular damage to 

airways and lung tissue. Sustained exposure to elevated levels can result in emphysema and a 

loss in the capacity for respiratory gas exchange (Rodricks 2007).  Moreover, the final product of 

the oxidation of nitric oxide, nitric acid (HNO3), is a principal component of rainwater 

acidification (Vitousek et al. 1997). 

 

 

Figure 3. Time series of daily peak 1-hour NO2 concentrations at Cassville, Grant County; 

Ashland, Ashland County (LADCO 2012) 

A one-year study, ending July 2011, within Ashland County shows nitrogen dioxide 

levels relatively lower than an identical study site in far southwestern Wisconsin during the same 

timeframe. While there are periods of elevated nitrogen dioxide in the winter months, levels in 

Ashland County were much lower and demonstrate regional and seasonal variations in NO2 

concentrations. 
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Figure 4. Calculated ozone design values from Bad River monitoring site and comparison with 

the 8-hour National Ambient Air Quality Standard, (AIRS 55-003-0010) 

Measured baseline data shows a relatively stable trend with ozone concentrations below 

the National Ambient Air Quality Standard. This demonstrates that there are elevated levels of 

ozone in the summer months, but high ozone days are low and infrequent enough to maintain a 

level below current standards set for human health. Any ozone increase will push the ozone 

design value closer to the Standard and towards non-attainment. 

 

1.3 Particulate Matter 

 

Air particulates are unique in that their risk and regulation are derived from physical 

properties (i.e. diameter), rather than chemical composition.  Particulates are microscopic 

particles in a solid or liquid state that have been suspended in air.  While individual particles tend 

to be invisible to the naked eye, collectively they can create haze that restricts visibility and, 

when inhaled, present a risk to human health.  The size of suspended particles typically ranges 

from 0.002-100µm and that size can not only effect how far a particle can travel (as per Stokes’ 

Law), but how readily it is transported through the respiratory system (Baird and Cann 2008).  

Air quality is markedly degraded by the presence of PM and experimental evidence suggests that 

fine (0.25-1.0µm) and ultrafine (<0.25µm) particles are the toxicants which present the greatest 

environmental health risk (Rodricks 2007).  Moreover, studies have demonstrated that ultrafine 

particles may not only become distributed through the respiratory tract, but appear capable of 

translocating to other parts of the human body (e.g. liver, heart, and perhaps even the central 

nervous system; Rodricks 2007).  In a study of six U.S. cities, Laden et al. (2000) determined 
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that a 10µg/m
3
 increase in PM2.5 from coal combustion and mobile sources accounted for a 1.1%  

and 3.4% increase in daily mortality, respectively. 

 

The chemical composition of particulate matter (PM) varies geographically and is 

directly influenced by local industrial and natural sources.  Coarse particles (>1.0 µm) are 

principally the result of natural sources; such as the weathering of geologic materials, pollen, sea 

salt aerosols, and decomposing biotic material (e.g. leaf litter).  But, it is worth noting that land 

use practices (e.g. deforestation, overgrazing) and anthropogenic alteration of the biosphere (e.g. 

climate change) can exacerbate such natural mechanisms.  In order of abundance, the major 

elements often present in crustal dust are: iron, manganese, zinc, lead, vanadium, chromium, 

nickel, copper, cobalt, mercury, and cadmium (Schroeder et al. 1987).  In contrast with coarse 

particles, sources of fine particles are more often associated with industrial society.  The 

incomplete combustion of carbon-based fuels, the wearing of tires, and dust from metal smelting 

are primary sources of fine particles of anthropogenic origin (Baird and Cann 2008).  Finer 

particles resulting from high temperature combustion tend to be enriched with toxic trace 

elements like arsenic, cadmium, chromium, lead, vanadium, and zinc (Schroeder et al. 1987).    

 

 

Figure 5. Calculated PM2.5 design values from Bad River monitoring site and comparison with 

the primary annual National Ambient Air Quality Standard, (AIRS 55-003-0010) 

As alluded to above, the common measure of suspended particulates is the PM index and 

is usually presented as micrograms of PM per cubic meter of air (i.e. µg/m
3
). Measured baseline 

data shows a stable trend with fine particulate matter well below the National Ambient Air 

Quality Standard. 

 



 

Appendix B: Status of Regulated Pollutants     Page 8 

LITERATURE CITED 

Baird, C. and M. Cann. 2008. Environmental Chemistry, 4th ed. W.H. Freeman and Company, 

New York, NY. 776pp. 

Begon, M., C.R. Townsend, and J.L. Harper. 2006. Ecology, from individuals to ecosystems. 

Wiley-Blackwell. 752 pp. 

Benkovitz, C.M., M.T. Scholtz, J. Pacyna, L. Tarrasón, J. Dignon, E.C. Voldner, P.A. Spiro, J.A. 

Logan, and T.E. Graedel. 1996. Global gridded inventories of anthropogenic emissions of sulfur 

and nitrogen. Journal of Geophysical Research: Atmospheres (1984–2012), 101(D22), 29239-

29253. 

 

Delmas, R., D. Serca, and C. Jambert. 1997. Global inventory of NOx sources. Nutrient cycling 

in agroecosystems, 48(1-2), 51-60. 
 

Denman, K.L., G. Brasseur, A. Chidthaisong, P. Ciais, P.M. Cox, R.E. Dickinson, D. 

Hauglustaine, C. Heinze, E. Holland, D. Jacob, U. Lohmann, S Ramachandran, P.L. da Silva 

Dias, S.C. Wofsy and X. Zhang, 2007: Couplings Between Changes in the Climate System and 

Biogeochemistry. In: Climate Change 2007: The Physical Science Basis. Contribution of 

Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M.Tignor and 

H.L. Miller (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, 

NY, USA. 

 

U.S. EPA 2008. 2008 National Emissions Inventory: Data & Documentation | Clearinghouse for 

Emission Inventories and Emissions Factors | Technology Transfer Network | N.p., n.d. Web. 13 

Nov. 2014. 

U.S. EPA. 2009. EPA Final Findings of Fact-Bad River Band Treatment In The Same Manner 

As A State For CWA Sec. 518. 30pp. 

Federal Land Managers’ Air Quality Related Values Workgroup (FLAG) Phase I Report. 2010 

Update. 

Fry, G.L.A., and A.S. Cooke. 1987. Acid Deposition and Its Implications for Nature 

Conservation in Britain. Peterborough: Nature Conservancy Council. 

 

Jaegle, L., L. Steinberger, R. V. Martin, and K. Chance. 2005. Global partitioning of NO x 

sources using satellite observations: Relative roles of fossil fuel combustion, biomass burning 

and soil emissions. Faraday Discussions, 130, 407-423. 

 

Jin, S., Yang, L., Danielson, P., Homer, C., Fry, J., and Xian, G. 2013. A comprehensive change 

detection method for updating the National Land Cover Database to circa 2011. Remote Sensing 

of Environment, 132: 159 – 175.   

http://www.mrlc.gov/downloadfile2.php?file=Preferred_NLCD11_citation.pdf
http://www.mrlc.gov/downloadfile2.php?file=Preferred_NLCD11_citation.pdf


 

Appendix B: Status of Regulated Pollutants     Page 9 

LADCO, 2010, “Biomass Fuel Usage at Wisconsin Power Plants: Final Report”, Lake Michigan 

Air Directors Consortium, July 1, 2010. 

 

Laden, F., L.M. Neas, D.W. Dockery, and J. Schwartz. 2000. Association of fine particulate 

matter from different sources with daily mortality in six US cities. Environmental health 

perspectives, 108(10), 941. 

Mooney, H. A., P.M. Vitousek, and P.A. Matson. 1987. Exchange of materials between 

terrestrial ecosystems and the atmosphere. Science, 238(4829), 926-932. 

Rodricks, Joseph V. 2007 Calculated risks:the toxicity and human health risks of chemicals in 

our environment Cambridge ; Cambridge University Press. 

Schroeder, W.H., M. Dobson, D.M. Kane. 1987. Toxic trace elements associated with airborne 

particulate matter: A review. J Air Pollut Control Assoc 37(11): 1267-1285. 

Simo, R.  2001. Production of atmospheric sulfur by oceanic plankton: biogeochemical, 

ecological and evolutionary links. Trends in Ecology and Evolution, 16(6), pp287-294  

Sutton, M.A., C.E.R. Pitcairn, and D. Fowler. 1993. The exchange of ammonia between the 

atmosphere and plant communities. Advanced Ecological Research. 24, 301-393. 

 



 

 

 

 



 

 

 

Appendix C 

Energy Impact Analysis 

  



 



 

 

                          

 

 

 

 

Energy Impact Analysis in Support of  

Class I Redesignation Request 
 

 

 

 

Prepared For: 

 

Bad River Band of Lake Superior Chippewa 

Odanah, Wisconsin 

 

 

 

 

 

 

Prepared by: 
 

 

 

 

 

 

 

 

 

 

 

 

 

March 2012 



Appendix C: Energy Impact Analysis     Page i 

 

TABLE OF CONTENTS 

 

Section    Page 

 

1.0 INTRODUCTION & BACKGROUND………………………………………………..1 

1.1 OVERVIEW………………………………………………………………………1 

1.2 SUMMARY OF TECHNICAL APPROACH……………………………………2 

1.3 SUMMARY OF RESULTS………………………………………………………3 

2.0 SELECTION OF HYPOTHETICAL ENERGY PROJECTS………………………..5 

2.1 HYPOTHETICAL BIOMASS-FIRED PROJECT……………………………….5 

2.2 HYPOTHETICAL COAL-FIRED ELECTRIC GENERATING PROJECT……..8 

3.0 AIR MODELING STUDY – TECHNICAL APPROACH……………………………8 

3.1 HYPOTHETICAL BIOMASS ENERGY PROJECT (AERMOD)………………8 

3.2 HYPOTHETICAL COAL-FIRED IGCC PROJECT (CALPUFF)……………….9 

3.2.1 Meteorological Data Processing (CALMET)……………………………..9 

3.2.2 Transport & Dispersion Calculations (CALPUFF)……………………...10 

3.2.3 Processing of Results…………………………………………………….12 

4.0 AIR MODELING STUDY RESULTS………………………………………………...13 

4.1 HYPOTHETICAL BIOMASS ENERGY PROJECT (AERMOD)……………..13 

4.2 HYPOTHETICAL COAL-FIRED PROJECT (CALPUFF)…………………….18 

4.3 EVALUATION OF PROPOSED GOGEBIC MINE……………………………22 

5.0 SUMMARY AND CONCLUSIONS…………………………………………………..26  

6.0 REFERENCES………………………………………………………………………….28 



Appendix C: Energy Impact Analysis     Page ii 

 

LIST OF FIGURES 

 
Figure  Page 

 

1-1 LOCATION OF BADRIVER RESERVATION……………………………………....1 

3-1 BADRIVER (AERMOD) MODEL LAYOUT & RECEPTOR GRID……………….9 

3-2 CALPUFF MODELING DOMAIN FOR BADRIVER MODELING………………10 

4-1 PROCESS FLOW DIAGRAM FOR TACONITE ORE PROCESSING…………..23 

 

LIST OF TABLES 

 
Table  Page 

 

1-1 CLASS I PSD INCREMENTS………………………………………………………….3 

2-1  EMISSIONS & STACK DATA FOR HYPOTHETICAL BIOMASS-FIRED 

ELECTRIC GENERATION PROJECT……………………………………………….6 

2-2 EMISSIONS & STACK DATA FOR HYPOTHETICAL CALPUFF-FIRED 

PROJECT………………………………………………………………………………...7 

4-1 PREDICTED PM-25 CONCENTRATIONS USING AERMOD…………………...14 

4-2 PREDICTED PM-10 CONCENTRATIONS USING AERMOD…………………...15 

4-3  PREDICTED NOx (NO2) CONCENTRATIONS USING AERMOD……………...16 

4-4 PREDICTED SO2 CONCENTRATIONS USING AERMOD……………………...17 

4-5 PREDICTED PM-10/PM2.5 CONCENTRATIONS USING CALPUFF…………..19 

4-6 PREDICTED NOx (NO2) CONCENTRATIONS USING CALPUFF……………..20 

4-7 PREDICTED SO2 CONCENTRATIONS USING CALPUFF……………………...21 

4-8 TACONITE MINE/PLANT EMISSIONS……………………………………………24



Appendix C: Energy Impact Analysis     Page 1 

 

1.0 INTRODUCTION & BACKGROUND 

 

 

1.1 OVERVIEW 

 

The Bad River Band of Lake Superior Chippewa (Band) Reservation is one of six 

federally recognized reservations inhabited by the Lake Superior Chippewa Tribe. The 

Reservation covers approximately 125,000 acres and is located in portions of Ashland and Iron 

Counties in northern Wisconsin, bordering Lake Superior.  Figure 1-1 shows the general location 

of the Bad River Reservation. 

 

                          
 

Figure 1-1. Location of Bad River Reservation 

 

 

The Bad River tribal lands were established by treaty with the United States of America 

in 1854.  Odanah, located approximately 10 miles east of Ashland, WI on US Highway 2 is the 

main village and government seat for the Bad River Band.  Reservation lands are mostly 

forested, with some wetlands along the Kakagon and Bad Rivers.    

 

 The Band consists of approximately 7,000 members, of whom about 1,800 lived on the 

Reservation as of the 2000 census.    

 

The Bad River Band is considering requesting redesignation of tribal lands to “Class I” 

status under the Clean Air Act Prevention of Significant Deterioration (PSD) program. The 

requirements and procedures for redesignation are outlined in the US Environmental Protection 



Appendix C: Energy Impact Analysis     Page 2 

 

Agency (USEPA) regulations at 40 CFR 51.166. Among the requirements of 40 CFR 51.166 is 

an “analysis of the health, environmental, economic, social, and energy effects of the proposed 

redesignation.” The report here is designed to support the energy impacts analysis described in 

40 CFR 51.166. 

 

In performing the energy impact assessment for the planned Class I redesignation, air 

dispersion models have been applied to hypothetical energy development projects located 

outside the Reservation to ascertain whether or not such projects would meet the Class I PSD 

increments on the Reservation. The Class I PSD increments would become enforceable under the 

Clean Air Act assuming that the proposed redesignation to Class I status were approved. In this 

manner, the project assesses whether or not redesignation of the Bad River Reservation lands to 

Class I under the PSD program would hinder potential future energy development in the region.  

Results of the energy impacts analysis can also be used to estimate potential impacts from  

non-energy development with roughly equivalent emissions. 

 

 

1.2 SUMMARY OF TECHNICAL APPROACH   

 

The energy impact assessment required under 40 CFR 51.166 was conducted by 

evaluating potential energy development projects with respect to compliance with Class I PSD 

increments on the Bad River Reservation lands. If the proposed redesignation becomes effective, 

the Class I PSD increments would become maximum allowable concentration increases 

enforceable under the Clean Air Act. As such, the energy impact analysis provided here attempts 

to discover to what extent, if any, the proposed redesignation to Class I would have on restricting 

future energy development in the region. 

 

In addition, the analysis considers air quality impacts from the hypothetical energy 

projects on the Rainbow Lakes Wilderness, which is an existing Class I PSD area in northern 

Wisconsin managed by the United States Forest Service.  In this way, the analysis assesses 

whether and to what degree any Class I PSD constraints on future energy development imposed 

through redesignation of Bad River tribal lands may already be constrained by the existing 

Rainbow Lakes Class I area.    

 

The energy projects evaluated for the Bad River Band study include a hypothetical 

biomass-fired electric generating plant located in close proximity to the Reservation (less than 50 

km distant) and a hypothetical coal-fired electric generating plant located more distant to the 

Reservation (beyond 50 km). The hypothetical plants have been modeled after other similar 

projects proposed elsewhere in Wisconsin. As such, although the projects analyzed for this report 

are hypothetical in nature, the information used for the hypothetical energy development projects 

are based on “real-world” examples of new energy development in terms of expected emissions 

and emission release characteristics. The specific projects analyzed for this report are described 

in Chapter 2. 

 

For the hypothetical biomass-fired electric generation project, the source location is 

within 50 kilometers (km) of the Bad River Reservation. As such, the dispersion model of choice 

for the energy impacts evaluation was the AMS/EPA Regulatory Model or AERMOD 
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[Reference 1]. AERMOD is the recommended regulatory air dispersion model by USEPA’s 

“Guideline on Air Quality Models” [Reference 2] for the “near-field” or receptors within 50 km 

of the emission source. 

 

For the hypothetical coal-fired electric generation project, the source location is more 

than 50 km from the Bad River Reservation. Here, the model of choice was the USEPA 

CALPUFF dispersion modeling system [Reference 3]. CALPUFF is EPA’s recommended 

regulatory air dispersion model for “far field” analyses, or where the receptors are more than 50 

km from the emission source. 

 

All modeling followed the technical procedures recommended in USEPA’s Guideline on 

Air Quality Models. The modeling results were compared to the Class I PSD increments, which 

are shown in Table 1-1. 

 

Table 1-1 
 

Class I PSD Increments 

(from 40 CFR 52.21(c)) 
 

Pollutant/Averaging Time Maximum Allowable Increase 

(Micrograms Per Cubic Meter) 

PM2.5:  

Annual arithmetic mean 1 

24-hr maximum 2 

PM10:  

Annual arithmetic mean 4 

24-hr maximum 8 

Sulfur dioxide:  

Annual arithmetic mean 2 

24-hr maximum 5 

3-hr maximum 25 

Nitrogen dioxide:  

Annual arithmetic mean 2.5 

 

Except for the annual average, the maximum allowable increase may be exceeded one time per year at any location. 

 

 

1.3 SUMMARY OF RESULTS  

 

Based on the hypothetical projects evaluated for this study, neither project would 

interfere with maintaining the Class I PSD increments on the Bad River Reservation.  The air 

dispersion modeling for both the hypothetical near-field biomass-fired electric generation project 

and the hypothetical far-field coal-fired electric generation project would comply with the Class I 

PSD increments at the Bad River Reservation.  The same conclusions hold for the Rainbow 

Lakes Wilderness. 
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Relative to Rainbow Lakes, the hypothetical near-field project showed a greater degree of 

relative impact at the Bad River Reservation, while the hypothetical far-field project showed a 

greater degree of relative impact at Rainbow Lakes.  This is believed due to the relative location 

of the hypothetical projects compared to the Bad River Reservation and the Rainbow Lakes 

Wilderness.  Where the hypothetical project was closer in proximity to either Bad River or 

Rainbow Lakes, that area received a higher modeled air quality impact relative to the other.   

 

In summary, the nearby presence of the Rainbow Lakes Wilderness, an existing Class I 

area, already constrains to some degree future energy and industrial development in northern 

Wisconsin and adjacent regions.  However, the modeling results suggest that a potential 

redesignation of the Bad River Band tribal lands to PSD Class I status would have tend to 

increase these constraints only for future energy and industrial development projects located 

closer to the Reservation compared to Rainbow Lakes.    

 

Although the hypothetical projects modeled for this report are representative of possible 

energy development project in the region, this study does not cover all possible future energy 

development projects.  Projects with high air pollutant emissions and/or projects located very 

close to the Bad River Reservation could be adversely impacted and face difficulty meeting the 

Class I PSD increments.  Non-energy industrial development projects could expect similar 

impacts based on whether or not the emissions and dispersion characteristics are also similar to 

the modeled hypothetical projects.  

 

In addition, this modeling study has not looked at potential cumulative effects on PSD 

increment consumption.  If the redesignation is approved, new/modified air pollution sources in 

the region will start to consume part of the available Class I PSD increment and future energy 

sources may have to compete with any non-energy sources for the available PSD increment.    
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2.0 SELECTION OF HYPOTHETICAL ENERGY PROJECTS 

 

The hypothetical energy projects evaluated include a biomass-fired electric generating 

plant located in close proximity to the Bad River Reservation (less than 50 km distant) and a 

coal-fired electric generating plant located more distant to the Bad River Reservation (beyond 

50 km distant). The hypothetical plants selected for this study have been modeled after other 

similar projects proposed and/or constructed elsewhere in Wisconsin. As such, although the 

projects analyzed for this report are hypothetical in nature, the information used for the 

dispersion modeling are based on “real-world” examples of new energy development. The 

specific projects analyzed for this report are described later in this section. 

 

Although the projects used in the Bad River Band energy assessment are based on 

“real-world” projects, they are still only hypothetical projects developed specifically for the 

purpose of this study. There are no known plans to actually develop these projects and this report 

should not be interpreted as promoting any of the energy projects used for this assessment.  

 

Also, other potential engineering or environmental constraints (water resources, 

transmission capacity, land use/zoning, etc.) have not been considered in the development and 

selection of the hypothetical energy development projects used for this analysis. 

 

 

2.1 HYPOTHETICAL BIOMASS-FIRED PROJECT 

 

The hypothetical biomass-fired electric generating plant project is modeled after a 

proposed 50 megawatt (MW) biomass boiler project proposed by WE Energies for Marathon 

County, WI.  Information on the plant was taken from the Wisconsin Department of Natural 

Resources (WDNR air emissions permit and associated WDNR Preliminary Determination 

(Construction Permit # 10-SDD-058) [Reference 4].  

 

The hypothetic facility is a 50 megawatt (MW) (800 MMBtu/hr) biomass-fired electric 

cogeneration plant.  The boiler would produce electricity for sale plus steam for a nearby 

industrial site.  The primary boiler fuel is woody biomass, which is defined by the WDNR permit 

to exclude any edible food crops, refuse derived fuel, chemically treated wood, municipal solid 

waste, and/or pathological waste.  A biomass-fired boiler project has been chosen for the Bad 

River hypothetical project due to the abundant biomass resources of the region and the likelihood 

that any new energy project in the area would likely be fired on biomass fuels as compared to 

fossil fuels such as coal and/or natural gas. 

 

Pollution controls for the hypothetical biomass-boiler project include a fabric filter 

baghouse for removal of particulate matter (PM) emissions and selective non-catalytic reduction 

(SNCR) for NOx emissions control.  SNCR works by injecting ammonia and/or urea into the 

combustion chamber at a location where the flue gas temperature is between 1,400 and 2,000 

degrees F.   

 

The hypothetical biomass boiler project was assumed to be located at the existing Bay 

Front Generating Station, operated by Xcel Energy.  The Bay Front Generating Station is located 
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along the shores of Lake Superior in Ashland, WI This location was selected for the hypothetical 

project due to the proximity of the Bay Front Generating Station to the Bad River Reservation. 

 

Currently, the Xcel Energy Bay Front Generating Station has three units totaling about  

76 MW of power generation and constructed between 1948 and 1956 [Reference 5].  Current 

fuels at Bay Front are coal, waste wood, railroad ties, discarded tires, natural gas, and petroleum 

coke.     

 

Table 2-1 summarizes the emissions and stack information for the hypothetical gas/oil 

electric turbine project as taken from the WDNR supporting information for the WE Energies 

cogeneration plant.  

 

Table 2-1 
 

Emissions and Stack Data for Hypothetical Biomass-Fired Electric Generation Project 

 

 

Ancillary facilities at the hypothetical project such as an auxiliary boiler and material 

storage/handling sources were not modeled for this study as these emissions are minor compared 

to the biomass boiler.   

 

 

2.2 HYPOTHETICAL COAL-FIRED ELECTRIC GENERATING PROJECT 

 

The hypothetical coal-fired electric generating plant used for the Bad River modeling 

analysis is based upon Weston Unit #4 operated by Wisconsin Public Service Corporation. 

Information on the Weston Unit #4 plant was taken from WDNR’s air permit information for the 

plant [Reference 6].  It was chosen as the model plant for this study because it represents the 

emissions and pollution controls associated with a modern coal-fired electric generating station.  

The Weston Unit #4 plant is located in Marathon County, Wisconsin near Rothschild.  

 

Weston Unit #4 is a nominal 530 MW electric generating station using a Spiral Wound 

Universal Pressure (SWUP
TM

) supercritical coal-fired boiler supplied by Babcock & Wicox 

Power Generation Group.  The plant uses low-NOx burners with overfire air supplemented by 

selective catalytic reduction (SCR) to control NOx emissions, a dry flue gas desulfurization 

(FGD) system for control of SO2 emissions, a pulse jet fabric filer system for control of PM 

emissions, and powdered activated carbon for mercury emissions removal.  

   

The emissions and stack parameter information for the hypothetical coal-fired electric 

generating plant are shown in Table 2-2. These data were taken from the WDNR permit 

 

Stack 

 

Height 

(meters) 

 

Diameter 

(meters) 

 

Temp 

(ºK) 

 

Exit Flow 

(acfm) 

 

NOx 

 

SO2 

PM 

&PM10 

PM2.5 

lb/hr lb/hr lb/hr lb/hr 

Biomass 

Boiler 
80.77 3.05 415.4 300,000 80 8 24 18.4 
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documents for Weston Unit #4. Similar to the biomass boiler project, auxiliary equipment such 

as the cooling tower, auxiliary boiler, etc. were not modeled. 

 

 

Table 2-2 
 

Emissions and Stack Data for Hypothetical Coal-Fired Project 

 

 

 For the Bad River modeling study, the hypothetical coal-fired plant was placed at the 

location of Xcel Energy’s Allen S King Generating Station in Bayport, MN (east of the  

Twin Cities).  This placed the hypothetical coal-fired plant about 205 kilometers (km) southwest 

of the Bad River Reservation and was selected as this site is the closest existing large coal-fired 

power plant that is generally upwind of the Bad River Reservation.  Again, the analysis is for a 

hypothetical plant and there are no known plans by Xcel Energy to construct a new coal-fired 

unit at this or any other location in Wisconsin or Minnesota. 

 

Stack 

 

Height 

(meters) 

 

Diameter 

(meters) 

 

Temperature 

(ºK) 

 

Exit 

Velocity 

(m/sec) 

 

NOx 

 

SO2 

 

PM10 

 

lb/hr 
 

lb/hr 
 

lb/hr 

Unit #4 152.4 6.1 350.4 22.86 310.68 3491.8 93.17 
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3.0 AIR MODELING STUDY – TECHNICAL APPROACH 

 

This section provides an overview of the technical procedures used to conduct the  

Bad River air quality modeling analysis.  

 

3.1 HYPOTHETICAL BIOMASS ENERGY PROJECT (AERMOD) 

 

Dispersion modeling for near-field receptors (less than 50 km from the emission source) 

was conducted using the AMS/EPA Regulatory Model (AERMOD) Version 09292.  The model 

inputs used six years of meteorological data collected for 2005-10 inclusive from the National 

Weather Service at the Ironwood, MI airport. These data are the closest publicly available 

AERMOD-compatible data set to the Bad River Reservation.  Ironwood is approximately  

40 miles (64 km) east of Ashland, WI. 

 

As described in Chapter 2, the hypothetical biomass-fired electric generating plant was 

placed in Ashland, WI at the location of the existing Xcel Energy Bay Front Generating Station.  

This places the hypothetical plant about 3 miles (5 km) west of the Bad River Reservation 

boundary at its closest point. 

 

Technical options for the AERMOD modeling followed standard regulatory guidance for 

use of AERMOD in regulatory applications, including EPA’s Guideline on Air Quality Models 

[Reference 2] and EPA’s AERMOD Implementation Guide [Reference 7].  

 

Because modeled concentrations in the immediate vicinity of the emissions source were 

not of interest in this modeling study, the AERMOD modeling described here did not consider 

any downwash effects introduced by plant buildings or other structures.  

 

Figure 3-1 provides the model layout, including the Bad River and Rainbow Lakes 

receptor grids and the hypothetical source location.  The hypothetical source location is 

represented by the dot in the Ashland West map quadrant.  The Bad River receptor grid is a 

reasonable representation of the Bad River Reservation, though not a direct translation of the 

actual Reservation boundaries.  The receptor resolution across the Reservation was  

1.0 kilometer (km).  The Rainbow Lakes receptors are shown in the Delta map quadrant and 

match the standard Class I receptor set developed by the Federal Land Managers (FLMs) 

[Reference 8].  Also, the model inputs incorporated terrain information for the source and 

receptor locations as obtained from US Geological Survey (USGS) digital topographic files.  
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Figure 3-1. Bad River AERMOD model layout and receptor grid 

 

 

3.2 HYPOTHETICAL COAL-FIRED IGCC PROJECT (CALPUFF) 

 

The air quality modeling for far-field receptors (more than 50 km downwind) used the 

EPA CALPUFF modeling system, applying gridded meteorological fields that varied both 

spatially and temporally. Current EPA-approved versions of the CALPUFF modeling system 

were used: 

 

 CALMET Version 5.8 (level 070623) 

 CALPUFF Version 5.8 (level 070623) 

 CALPOST Version 5.6394 (level 070622) 

 

CALMET generates the gridded meteorological data fields for later use by CALPUFF. 

CALPUFF performs the concentration calculations. CALPOST averages and ranks the 

concentration data.  CALPOST can also perform calculations related to deposition and visibility 

impacts, but these features were not used for the Bad River CALPUFF modeling. 

 

 

3.2.1 Meteorological Data Processing (CALMET) 

 

The meteorological data input to CALMET included three (3) years of mesoscale 

meteorological (MM5) data, consisting of 2002-2004 hourly meteorological data.  These MM5 
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data files were taken from public information of CALPUFF modeling for the Mesaba Energy 

Project Environmental Impact Statement (EIS) in Minnesota [Reference 9].  The Mesaba EIS 

MM5 data covers the modeling domain of interest for this study.  Thirty-six (36) separate 

CALMET runs were performed, one run per month for each of the three (3) years of 

meteorological data. 

 

The modeling options selected in CALMET followed current EPA guidance  

[Reference 10].  The CALMET/CALPUFF modeling domain is shown below in Figure 3-2, 

which also illustrates the general location of the hypothetical coal-fired power plant source 

relative to the Bad River tribal lands and the nearby Rainbow Lakes Wilderness.  This figure also 

shows the surface and upper air stations used to derive the CALMET data fields. 

  

 

                          
 

 

Figure 3-2. CALPUFF modeling domain for Bad River modeling (outlined in blue). 

 

Surface and precipitation inputs to CALMET for 2002-2004 were also the same as those 

used for the Mesaba EIS. Surface wind observations are used by CALMET to adjust the “initial 

guess” windfields derived from the MM5 data. Precipitation observations were used by 

CALMET to generate gridded hourly precipitation fields. 

 

 

3.2.2 Transport and Dispersion Calculations (CALPUFF) 

 

CALPUFF performs calculations for pollutant transport and dispersion, including 

parameterization of secondary aerosol formation (sulfate and nitrate).  
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The CALPUFF modeling domain, shown above in Figure 3-2, included a generous 

“buffer zone” beyond the hypothetical coal-fired project site and the Bad River and Rainbow 

Lakes  receptors. The modeling domain covered a region of approximately 350 km (east-west) 

by 300 km (north-south) with a 4 km grid element size and ten (10) vertical levels extending up 

4,000 meters.  The vertical levels chosen for the CALMET modeling are based on current  

EPA guidance [Reference 10].  The southwest corner of the grid is located at approximately 

44.465° N latitude and 94.0° W longitude.  

 

CALPUFF model input files were set up for each year of CALMET meteorological data. 

Inputs to the CALPUFF modeling system included three years of gridded CALMET data, the 

source location, receptor locations, land elevation data, and land use data. 

 

Technical options for CALPUFF generally followed EPA’s Guidelines on Air Quality 

Models (40 CFR 51, Appendix W) [Reference 2] and the Interagency Workshop on Air Quality 

Modeling Phase 2 Report [Reference 11].  CALPUFF used approved “default” parameters where 

available, including EPA’s recommended “regulatory default” switch (MREG = 1).  

 

CALPUFF also requires background pollutant concentrations for ozone and ammonia, 

which are used in the parameterization of secondary aerosol formation. Ozone data were the 

same as those used for Mesaba’s EIS modeling [Reference 9]. 

  

For background ammonia, the Interagency Workgroup on Air Quality Modeling 

[Reference 11] recommends three ammonia background values for CALPUFF modeling: 

 

 0.5 ppb for forested lands 

 1.0 ppb for arid lands 

 10 ppb for grasslands 

 

A monthly background ammonia level of 1.0 ppb was used, consistent with other 

regulatory applications of CALPUFF in northern Wisconsin and Minnesota.  Land along the 

plume trajectory from the hypothetical source location toward the Bad River Reservation appears 

to be mostly forested lands with some open pasture or grasslands, so this selected background 

ammonia level is a reasonable value. 

 

The receptors used in the CALPUFF analysis were the same as those used in the 

AERMOD example, and covered the Bad River Reservation at a density of 1 km.  Within 

Rainbow Lakes, the standard FLM receptor set was employed [Reference 8].    

 

The CALPUFF modeling described above generated information on the expected air 

quality impacts for concentrations of NOX, SO2, and PM10/PM2.5 at the Bad River Reservation 

and these impacts were then compared to the applicable Class I PSD increments.  
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3.2.3 Processing of Results 

 

CALPOST was used to process ambient concentration files for the criteria pollutants of 

interest (NOX, SO2, PM10, and PM2.5) by performing the appropriate averaging for the air quality 

standard of interest (3-hour, 24-hour, or annual).   CALPOST then ranks the calculated average 

concentrations to determine the peak concentration values.  While 1-hour NAAQS for NO2 and 

SO2 have been recently established, there are presently no 1-hour PSD Increment levels for these 

pollutants, so 1-hour impacts for NO2 and SO2 are not addressed in this analysis. Similarly, there 

are no PSD increments for carbon monoxide (CO), so CO impacts were not addressed in the 

modeling. 

 

Also, even though the Class I PSD increments for short-term averages, i.e. 24-hours and 

3-hours, allow for one exceedance per year at any given receptor location, the modeling results 

described here are based on the maximum modeled concentration at any individual receptor. 
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4.0 AIR MODELING STUDY RESULTS 

 

 This section summarizes the modeling results for each of the hypothetical energy projects 

evaluated in this study.  Electronic copies of the modeling input/output files for AERMOD and 

CALPUFF are provided as an Appendix to the report. 

 

 

4.1 HYPOTHETICAL BIOMASS ENERGY PROJECT (AERMOD) 

 

This section summarizes the results of the near-field AERMOD modeling analysis for the 

hypothetical biomass energy project.  As documented earlier, the hypothetical biomass project is 

50 MW in size and placed for the purposes of this modeling study at the Xcel Energy Bay Front 

Station in Ashland, WI.  Air quality concentrations of PM-2.5, PM-10, NOX, and SO2 were 

addressed as these pollutants are the ones covered by the existing Class I PSD increments.  

 

For the short-term average PSD increments (24-hours or less), the regulations allow one 

exceedance per year at any receptor.  The modeling addresses this by calculating the “highest-

second-highest” (H2H) concentration, which represents the highest concentration overall in the 

subset of second-highest concentrations at each receptor.  For the annual mean, the highest 

predicted concentration at any receptor is used for comparison. 

 

 Tables 4-1 and 4-2 show the modeled AERMOD impacts for PM-2.5 and PM-10 

respectively from the hypothetical 50 MW biomass energy project.  Also, the modeled impacts 

from this project at the nearby Rainbow Lakes Wilderness are also shown for comparison.  

Modeled impacts are shown for each of the six years of meteorological data modeled, with the 

worst-case year results shown in bold font.  The modeled impacts from the hypothetical 50 MW 

biomass energy project are less than the applicable PM-2.5 and PM-10 Class I PSD increments at 

both the Bad River Reservation and at the Rainbow Lakes Wilderness. 

 

Table 4-3 summarizes the dispersion modeling results with respect to the Class I PSD 

increment for nitrogen dioxide (NO2).  As with the other pollutants, modeling results are shown 

individually for each meteorological year modeled and for receptors at both Bad River and 

Rainbow Lakes.  For this modeling, all NOx emissions from the hypothetical 50 MW biomass 

project are conservatively assumed to be in the form of NO2 (or convert to NO2 during transport 

to the receptor).  The AERMOD modeling predicts that the highest annual average NO2 

concentration will be well below the PSD Class I increment at both Bad River and  

Rainbow Lakes.  

 

Table 4-4 documents the 3-hour, 24-hour, and annual average SO2 impacts using 

AERMOD for the hypothetical 50 MW biomass energy project. As with the other pollutants, 

modeling results are shown individually for each meteorological year modeled and for receptors 

at Bad River and Rainbow Lakes.  All of the AERMOD concentration predictions for SO2 were 

significantly below the Class I PSD increments at both Bad River and Rainbow Lakes. 
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Table 4-1 
 

Predicted PM-2.5 Concentrations using AERMOD 

Hypothetical Biomass Energy Project  

 

Bad River Reservation 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

PM-2.5  

(g/m3) 

2006 

PM-2.5  

(g/m3) 

2007 

PM-2.5  

(g/m3) 

2008 

PM-2.5  

(g/m3) 

2009 

PM-2.5 

(g/m3) 

2010 

PM-2.5 

(g/m3) 

24-Hour Average 2 0.1489 0.2034 0.1421 0.1850 0.2072 0.2062 

Annual Average 1 0.0149 0.0143 0.0154 0.0161 0.0167 0.0147 

 

Rainbow Lakes Wilderness 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

PM-2.5  

(g/m3) 

2006 

PM-2.5  

(g/m3) 

2007 

PM-2.5  

(g/m3) 

2008 

PM-2.5  

(g/m3) 

2009 

PM-2.5 

(g/m3) 

2010 

PM-2.5 

(g/m3) 

24-Hour Average 2 0.1233 0.1311 0.1490 0.0874 0.1274 0.1340 

Annual Average 1 0.0047 0.0044 0.0037 0.0035 0.0036 0.0037 
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Table 4-2 
 

Predicted PM-10 Concentrations using AERMOD 

Hypothetical Biomass Energy Project  

 

Bad River Reservation 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

PM-10  

(g/m3) 

2006 

PM-10  

(g/m3) 

2007 

PM-10  

(g/m3) 

2008 

PM-10  

(g/m3) 

2009 

PM-10  

(g/m3) 

2010 

PM-10  

(g/m3) 

24-Hour Average 8 1.5421 2.1054 1.4711 1.9156 2.1446 2.1341 

Annual Average 4 0.1544 0.1476 0.1593 0.1663 0.1730 0.1520 

 

Rainbow Lakes Wilderness 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

PM-10  

(g/m3) 

2006 

PM-10  

(g/m3) 

2007 

PM-10  

(g/m3) 

2008 

PM-10  

(g/m3) 

2009 

PM-10  

(g/m3) 

2010 

PM-10  

(g/m3) 

24-Hour Average 8 1.2765 1.3570 1.5422 0.9045 1.3187 1.3874 

Annual Average 4 0.0484 0.0459 0.0382 0.0360 0.0377 0.0386 
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Table 4-3 
 

Predicted NOx (NO2) Concentrations using AERMOD 

Hypothetical Biomass Energy Project  

 

Bad River Reservation 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

NOx 

(g/m3) 

2006 

NOx 

(g/m3) 

2007 

NOx 

(g/m3) 

2008 

NOx 

(g/m3) 

2009 

NOx 

(g/m3) 

2010 

NOx 

(g/m3) 

Annual Average 2.5 0.0649 0.0620 0.0669 0.0699 0.0727 0.0638 

 

Rainbow Lakes Wilderness 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

NOx 

(g/m3) 

2006 

NOx 

(g/m3) 

2007 

NOx 

(g/m3) 

2008 

NOx 

(g/m3) 

2009 

NOx 

(g/m3) 

2010 

NOx 

(g/m3) 

Annual Average 2.5 0.0203 0.0193 0.0160 0.0151 0.0158 0.0162 
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Table 4-4 
 

Predicted SO2 Concentrations using AERMOD 

Hypothetical Biomass Energy Project  

 

Bad River Reservation 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

SO2  

(g/m3) 

2006 

SO2  

(g/m3) 

2007 

SO2  

(g/m3) 

2008 

SO2  

(g/m3) 

2009 

SO2  

(g/m3) 

2010 

SO2  

(g/m3) 

3-Hour Average 25 0.4097 0.5284 0.3698 0.3674 0.3743 0.4605 

24-Hour Average 5 0.0648 0.08842 0.0618 0.0845 0.0901 0.0896 

Annual Average 2 0.0065 0.0062 0.0067 0.0069 0.0073 0.0064 

 

Rainbow Lakes Wilderness 
 

Averaging 

Period 

Class I 

Increment 

(g/m3) 

2005 

SO2  

(g/m3) 

2006 

SO2  

(g/m3) 

2007 

SO2  

(g/m3) 

2008 

SO2  

(g/m3) 

2009 

SO2  

(g/m3) 

2010 

SO2  

(g/m3) 

3-Hour Average 25 0.0369 0.3958 0.2378 0.2903 0.3327 0.3443 

24-Hour Average 5 0.0536 0.0570 0.0648 0.0380 0.0554 0.0583 

Annual Average 2 0.0020 0.0019 0.0016 0.0015 0.0016 0.0016 
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 When comparing the modeling results for Bad River and Rainbow Lakes, the 

hypothetical 50 MW biomass energy project shows higher impacts at Bad River for all pollutants 

and averaging times modeled.  Generally, this result occurs because the transport distance from 

the hypothetical source location is shorter to Bad River than the distance to Rainbow Lakes.  The 

shorter transport distances results in less opportunity for dispersion and therefore higher modeled 

concentrations at Bad River.   

 

 Although the higher impacts occur at Bad River, the modeled impacts for the 

hypothetical project are at most only about 25% of the applicable Class I PSD increment (the 

worst-case impact is for the 24-hour average PM-10 concentration).  This suggests that a 50 MW 

biomass-fired electric generating project, or an industrial project with roughly equivalent 

emissions, can be sited close to the Bad River Reservation without exceeding the Class I PSD 

increments.    

 

 

4.2 HYPOTHETICAL COAL-FIRED PROJECT (CALPUFF) 

 

This section summarizes the results of the far-field modeling analysis using CALPUFF 

for the hypothetical coal-fired electric generating station project. As documented earlier, the 

hypothetical coal-fired electric generation project is 530 MW in size and placed for the purposes 

of this modeling study at the Xcel Energy’s Allen S King Generating Station in Bayport, MN 

(east of the Twin Cities).  Air quality impacts for concentrations of NOX, SO2, and PM10/PM2.5 

have been estimated using CALPUFF and compared to the Class I PSD increments.  Because 

PM-2.5 emissions were not itemized separately for the sample project in the WDNR permitting 

file, all particulate emissions were conservatively modeled as if they were PM-2.5.  

 

Like with the AERMOD modeling, the short-term average PSD increments allow one 

exceedance per year at any receptor.  However, for the Bad River modeling analysis, the 

maximum modeled concentration was used for comparison to the applicable PSD increment, 

which introduces a level of conservatism into the modeling analysis.    

 

 The modeled PM-2.5/PM-10 impacts from the hypothetical coal-fired project using 

CALPUFF are presented in Table 4-5.  As with the AERMOD modeling, the modeled 

concentrations are shown for impacts at the Bad River Reservation and Rainbow Lakes 

Wilderness.  Also, impacts are shown for individually for each of the three meteorological years 

modeled, with the worst-case year impacts shown in bold font.  For the CALPUFF  modeling, all 

particulate emissions are conservatively assumed to be below 2.5 microns in size and as such 

were modeled as PM-2.5.  Because the PSD increments for PM-2.5 are less than the 

corresponding PM-10 increments, compliance with the PM-2.5 increment also means compliance 

for PM-10.  The modeled CALPUFF concentrations are well below the applicable Class I 

increments for PM-2.5 at both Bad River and Rainbow Lakes.  
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Table 4-5 
 

Predicted PM-10/PM-2.5 Concentrations using CALPUFF 

Hypothetical Coal-Fired Project 

 

Bad River Reservation 
 

  Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 

(PM2.5) 

2002 2003 2004 

24-Hour 2.0 2.936 x 10
-2

 3.024 x 10
-2

 4.489 x 10
-2

 

Annual 1.0 1.438 x 10
-3

 1.398 x 10
-3

 1.808 x 10
-3

 

 

Rainbow Lakes Wilderness 

 

  Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 

(PM-2.5) 

2002 2003 2004 

24-Hour 2.0 4.895 x 10
-2

 3.179 x 10
-2

 7.573 x 10
-2

 

Annual 1.0 1.698 x 10
-3

 2.009 x 10
-3

 2.419 x 10
-3
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Table 4-6 summarizes the modeled NOX impacts using CALPUFF from the hypothetical 

530 MW coal-fired electric generation project.  Again, modeling results are provided 

individually for each year modeled and for receptors at both Bad River and Rainbow Lakes.  In 

the NOx modeling, all of the emissions are conservatively assumed to be released as NO2 (or 

convert to NO2 during transport to the receptor).  The maximum annual average NO2 impact is 

also well below the applicable Class I PSD increment at both Bad River and Rainbow Lakes.  

 

Table 4-6 
 

Predicted NOX (NO2) Concentrations at Bad River Reservation using CALPUFF 

Hypothetical Coal-Fired Project 

 

Bad River Reservation 
 

 Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 
2002 2003 2004 

Annual 2.5 2.026 x 10
-3

 1.809 x 10
-3

 2.915 x 10
-3

 

 

Rainbow Lakes Wilderness 
 

 Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 
2002 2003 2004 

Annual 2.5 2.868 x 10
-3

 3.060 x 10
-3

 4.287 x 10
-3

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4-7 documents the modeled 3-hour, 24-hour, and annual SO2 impacts using 

CALPUFF for the hypothetical 530 MW coal-fired electric generation project. As for the other 
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pollutants, the table shows the modeled concentrations for receptors at both Bad River and 

Rainbow Lakes and for each of the meteorological years modeled with the impacts for the  

worst-case year shown in bold font.   The modeled SO2 impacts are well below their respective 

PSD increments at both Bad River and Rainbow Lakes. 

 

 

Table 4-7 
 

Predicted SO2 Concentrations at Bad River Reservation using CALPUFF 

Hypothetical Coal-Fired Project 

 

Bad River Reservation 
 

 Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 
2002 2003 2004 

3-Hour 25 3.669 2.752 4.383 

24-Hour 5 0.076 0.945 1.275 

Annual 2 4.251 x 10
-2

 3.941 x 10
-2

 5.368 x 10
-2

 

 

Rainbow Lakes Wilderness 
 

 Concentration (g/m
3
) 

Averaging 

Period 

Class I PSD 

Increment 
2002 2003 2004 

3-Hour 25 3.655 3.657 5.617 

24-Hour 5 1.518 1.100 2.482 

Annual 2 5.192 x 10
-2

 5.940 x 10
-2

 7.365 x 10
-2

 

 

 When comparing the modeling results for Bad River and Rainbow Lakes, the 

hypothetical 530 MW coal-fired energy project shows higher impacts at Rainbow Lakes for all 

pollutants and averaging times modeled.  This is the inverse of the results for the hypothetical 

biomass energy project.  However, this result is consistent with the AERMOD modeling of the 

biomass plant because the transport distance from the hypothetical source location in CALPUFF 

is shorter to Rainbow Lakes than the distance to Bad River.  The shorter transport distances 

results in less opportunity for dispersion and therefore higher modeled concentrations at 

Rainbow Lakes for the CALPUFF analysis.   

 

 Although the higher impacts occur at Rainbow Lakes, the modeled impacts for the 

hypothetical project are at most only about 50% of the applicable Class I PSD increment (the 

worst-case impact is for the 24-hour average SO2 concentration).  This suggests that a 530 MW 

coal-fired electric generating project, or an industrial project with roughly equivalent emissions, 

can be sited within about 200 km of the Bad River Reservation without exceeding the Class I 

PSD increments.    

 

4.3 EVALUATION OF PROPOSED GOGEBIC MINE 
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 There is also interest within the Band and others in the community as to how the 

proposed Class I redesignation of Bad River Band tribal lands might impact development of  

non-energy resources in the region.  Specifically, there is a proposal by Gogebic Taconite LLC 

(GTAC) to construct and operate a new iron ore mine and taconite processing plant in an area to 

the east of Mellen, WI in Iron and Ashland Counties.  The proposed mining areas are about  

5-10 miles southeast of the closest boundary of the Bad River Band reservation.     

 

 A detailed quantitative assessment of whether or not any such mining operation would be 

impacted by the proposed Class I area redesignation at Bad River is not possible at this time due 

to the lack of site-specific project design and emissions information.  An exact location for the 

initial mining operations has also not yet been specified by GTAC. 

 

 Based on currently available public information (see www.gogebictaconite.com), the 

project is in the pre-feasibility stage and no formal applications for environmental permits have 

been filed.  It is expected that the project will trigger review by the US Environmental Protection 

Agency (EPA), US Army Corps of Engineers, and Wisconsin Department of Natural Resources 

(WDNR) among other regulatory agencies and that a comprehensive State and Federal 

Environmental Impact Statement (EIS) will be required.  GTAC has publicly stated that it is 

committed to building and operating an environmentally responsible project. 

 

 In addition to the mining operations, GTAC’s proposed operations are expected to 

include ore processing, which would involve crushing, separating the iron from the ore using a 

mechanical process with water and magnets, followed by processing of the ore into taconite 

pellets.  A general flow diagram for taconite ore processing taken from USEPA’s Compilation of 

Air Pollution Emission Factors (AP-42), Section 11.23 is provided in Figure 4-1 [Reference 12]. 

 

 

http://www.gogebictaconite.com/
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  Although a site-specific plan of operations has yet to be publically released by GTAC, 

some idea of the scope and magnitude of possible air emissions can be gleaned from other 

taconite development projects which have already gone through environmental permitting.  For 

example, the Minnesota Pollution Control Agency (MPCA) has recently issued permits to  

US Steel’s Keetac operations in Itaska County, MN.  The Keetac project appears similar in 

nature to the proposed GTAC operations. 

 

 Keetac was an existing 6.0 million ton per year taconite ore mining and processing 

operation that was expanded to a capacity of 9.6 million tons by the recent permit modification 

(MPCA Air Emissions Permit 13700063-004).  Based on MPCA’s permit documents  

 

Figure 4-1.   Process Flow Diagram for Taconite Ore Processing 
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[Reference 13], the emissions increase associated with the incremental capacity of  

3.6 million tons is shown in Table 4-8.  At Keetac, the induration furnaces are the largest sources 

of air emissions associated with taconite production and this appears to be typical for the 

industry. 

 

 

Table 4-8 

 

Example Taconite Mine/Plant Emissions  

(based on US Steel Keetac Plant, Itaska County, MN –  

3.6 million tons per year taconite production 

MPCA Air Emissions Permit 13700063-004) 

Pollutant Emissions (ton/yr) 

PM-10 1,262 

PM-2.5 478 

NOx 2,340 

SO2 81 

CO 97 

VOCs 29 

 

      

 Based on the air modeling in the Keetac permitting documents [Reference 13], the 

incremental increase in production of 3.6 million tons per year was in compliance with the 

applicable National Ambient Air Quality Standards (NAAQS) and Class II increments for 

Prevention of Significant Deterioration (PSD).  Generally, the maximum modeled concentrations 

occurred at or near the Keetac ambient air boundary.    

 

 However, it is recognized that Class I PSD increments are generally much more stringent 

than the Class II PSD increments.  For example, the PM-10 Class I increments are more 

restrictive than the Class II increments by approximately a factor of five.  For NOx and SO2, the 

Class I increments are more restrictive than the Class II increments by approximately a factor of 

10 to 20 respectively.  In general, the modeled concentrations decrease with increasing distance 

from the source, so any modeled impacts at Bad River would be less than the near-field impacts 

close to the emission sources.  However, it cannot be determined at present if the proposed 

GTAC emissions would or would not comply with the Class I PSD increments if the Bad River 

Band tribal lands were redesignated to Class I status.   

 

 It should also be noted that the Rainbow Lakes Wilderness, already designated as a PSD 

Class I area is also in the vicinity of the proposed GTAC project.  As such, the presence of 

Rainbow Lakes as an existing Class I area may already place certain air quality constraints on 

development of the planned Gogebic Mine, although Rainbow Lakes is somewhat further from 

the proposed mining areas compared to Bad River.     

 

Finally, given the surface wind patterns derived from the Ironwood Airport data used for 

the Bad River near-field AERMOD modeling, the predominant wind directions are south 

through southwest, with a relative minimum in wind direction frequency from the southeast.  As 
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such, emissions from a taconite mine/processing plant located on mining leases to the southeast 

of Bad River would most often be blown away from the Reservation.  Although this factor would 

decrease the frequency of any impact, it would not alter the magnitude of impacts when they 

occur and there remains some risk that the Class I increments could be violated by such a large 

emission source located close to the Bad River tribal lands.        

 

If the Class I increments were threatened, the project developer would have some 

potential impact mitigation options that could be explored, such as:   

 

 Improving emissions control above the levels represented by the US Steel Keetac 

air permit. 

 Locating the taconite processing operations more distant from the Bad River and 

Rainbow Lakes Class I lands and/or moving the taconite processing operations 

off-site (although it is recognized that moving the taconite processing off-site 

increases project costs). 

 Reducing the size and scope of the proposed Gogebic Mine and taconite 

processing operations (reducing the project capacity to a level less than  

3.6 million tons per year for taconite pellet production would be expected to result 

in a corresponding decrease in project emissions listed in Table 4-8). 

 

In addition, the applicability of any Class I redesignation of Bad River tribal lands to the 

mine development depends on the timing of the project permit applications versus the timetable 

for approval of the request by the Bad River Band to redesignate its lands as Class I under the 

PSD rules.  If the project developer files a complete air quality permit application prior to 

approval of the Bad River Class I redesignation request, then it is expected that the air quality 

permit application would not need to recognize the Bad River tribal lands as Class I.   
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5.0 SUMMARY & CONCLUSIONS 

 

The Bad River Band of Lake Superior Chippewa is considering requesting redesignation 

of tribal lands to “Class I” status under the Clean Air Act Prevention of Significant Deterioration 

(PSD) program.  The report here is designed to support the energy impacts analysis required by 

40 CFR 51.166 for any such redesignation request. 

 

In performing the energy impact assessment, air dispersion models have been applied to 

hypothetical energy development projects located outside the Reservation to ascertain whether or 

not such projects would meet the Class I PSD increments on the Reservation. The Class I PSD 

increments would become enforceable under the Clean Air Act assuming that the proposed 

redesignation to Class I status were approved.  In this manner, the project assesses whether or not 

redesignation of the Bad River Reservation lands to Class I status under the PSD program would 

hinder potential future energy development in the region.  

 

The energy projects evaluated for this study included a hypothetical biomass electric 

generating plant located in close proximity to the Reservation (less than 50 km distant) and a 

hypothetical coal-fired electric generating plant located more distant to the Reservation (beyond 

50 km).  The air quality impacts from both hypothetical projects were compared to the applicable 

Class I PSD increments for the pollutants of concern.  

 

The hypothetical biomass project was a 50 MW electric generating project modeled after 

a similar project planned by WE Energies for Marathon County, WI.  The hypothetical project 

location is at the Xcel Energy Bay Front Generating Station in Ashland, WI.  As the source 

location is within 50 kilometers (km) of the Bad River Reservation, the dispersion model of 

choice was the AMS/EPA Regulatory Model or AERMOD.  

  

The hypothetical coal-fired project was a 530 MW electric generating plant modeled after 

Weston Unit #4 operated by Wisconsin Public Service Corporation.  The hypothetical source 

location for this project was at the closest existing large coal-fired electric generating station, or 

Xcel Energy’s Allen S King Generating Station in Bayport, MN (east of the  

Twin Cities).  This placed the hypothetical coal-fired plant about 205 kilometers (km) southwest 

of the Bad River Reservation.  As the source location is more than 50 km from the Bad River 

Reservation, the model of choice was the USEPA CALPUFF dispersion modeling system. 

 

Based on the hypothetical projects evaluated, the air dispersion modeling demonstrated 

that neither project would interfere with maintaining the Class I PSD increments on the  

Bad River Reservation.  Although the hypothetical projects modeled for this report are 

representative of possible energy development project in the region, this study does not cover all 

possible future energy development projects.  Projects with high air pollutant emissions and/or 

projects located very close to the Bad River Reservation could still be adversely impacted and 

face difficulty meeting the Class I PSD increments. 

 

Although the modeling analysis focused on potential future energy development, the 

modeling results are also applicable to future industrial development with similar emissions 

magnitude.  Of particular interest to the Bad River Band is the proposed development of the 
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Gogebic Mine to the immediate southeast of the Reservation.  A specific assessment of the 

planned Gogebic Mine was not possible at this time due to the lack of detailed project 

development information, in particular the location of the mine operations and associated 

emissions.  However, based on the modeling results for the hypothetical energy projects 

evaluated, it is reasonable to expect that redesignation of Bad River tribal lands to Class I status 

could affect plans for mine development and/or require more stringent environmental controls to 

meet Class I air quality increments at the Bad River Reservation.  

 

Also, this modeling study has not looked at potential cumulative effects on PSD 

increment consumption.  If the Class I redesignation is approved, new/modified air pollution 

sources in the region will start to consume part of the available Class I PSD increment and future 

energy sources may have to compete with non-energy sources for the available increment.    
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Executive Summary 
 
 
The Clean Air Act (CAA) allows state and tribal governments to request redesignation of 
lands under their jurisdiction to either less strict (Class III) or more strict (Class I) air 
quality for the prevention of significant air quality deterioration. Since 1977, five 
reservations have requested and obtained such Class I redesignation. The Bad River 
Band contracted with Power Consulting to provide an analysis of how Class I 
redesignation would affect the economic vitality of the Reservation area, including the 
surrounding counties, and the economic well-being of the residents of that area. In 
particular, that economic analysis was to consider the role of clean air in supporting 
local quality of life and the local recreation economy. 
 
The description and empirical analyses of the economic effects of Bad River’s proposed 
redesignation contained in this report supports the following conclusions: 
 

1. A half-century of research has demonstrated that protecting and improving 
air quality protects health, reduces premature death, enhances local 
quality of life, boosts local property values, and otherwise enhances 
local economic well-being as well as local economic vitality. 

 
Air quality is not primarily a matter of aesthetics although it is that too. Air pollution has 
serious health consequence that lead to chronic illness and premature death. It 
degrades water quality and impacts natural systems threatening wildlife and outdoor 
recreation activities. It damages infrastructure, equipment, and buildings increasing 
maintenance costs and decreasing the working life of property. Ordinary citizens act to 
avoid higher levels of air pollution by avoiding areas with higher levels of pollution, 
driving property values down in those areas and depressing local economic vitality. 
 

2. The available evidence indicates that Class I air quality designation and 
other efforts to protect and enhance air quality, while improving local 
health and economic well-being, do not damage local economic vitality. 

 
The Clean Air Act imposed Class I air quality status on many local areas around the 
nation, namely those areas with National Parks and National Wilderness Areas. If such 
more strict environmental regulation damages local economic vitality, we should see it 
in the local economies associated with these protected natural areas.  In fact, there is 
no evidence that these more stringent air quality regulations reduced local economic 
vitality in the surrounding areas, quite the contrary. National Park and Wilderness 
counties demonstrate above average economic vitality.  
 
In addition, studies of the application of the Clean Air Act to move local areas into 
compliance with air quality standards do not suggest that such areas’ economic vitality 
has been retarded or damaged by the air quality restrictions and improvements in local 
air quality. 
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3. Structural change in the Bad River Reservation area economy has decreased 
the likelihood that Class I air quality redesignation would limit economic 
development in the Reservation area. 

 
The analysis in this report documents a major shift in the structure of the economy in 
which the Bad River Reservation is embedded. Paper, wood products, logging, and 
other manufacturing jobs have been relatively stagnant for four decades, while the rest 
of the economy grew significantly. As a result, the relative importance of paper, wood 
products, logging, and other manufacturing fell to about 40 percent of what it previously 
had been. Given this 40-year decline in the relative importance of manufacturing activity 
in the Bad River Reservation study area, it is highly unlikely that there will be a major 
expansion in heavy manufacturing activity in the study area with or without the 
redesignation of the Reservation to Class I status. In that sense Class I redesignation of 
the Reservation would not constrain manufacturing activity in the study area, other 
national and international economic forces are much more likely to be the constraint as 
they have for most of the last half-century. Class I redesignation could limit significant 
increases in air pollution from individual manufacturing firms in areas adjacent to the 
Reservation. That, of course, is the purpose of Class I air quality status.  

 
4. That same economic transformation of the Reservation area economy has 

also increased the value of clean air to local economic vitality while 
decreasing the likelihood that those higher air quality standards would 
constrain local economic vitality. 

 
The ongoing economic vitality in the Bad River Reservation area has been led by the 
expansion of economic activities with relatively low point source air pollution: 
professional and technical services including health services, resorts and other visitor 
services, local government, etc. The study area has also been attracting both working-
age and retirement-age in-migrants, drawn to the area by its social and natural 
amenities. A high quality environment also encourages visitors to travel to the affected 
area or locate vacation homes there for recreation purposes.  Local economic vitality 
has also been supported by families that have chosen to live in one county while 
working in another. Protecting and enhancing air quality improves the area’s quality of 
life and its attractiveness as a place to live, visit, and engage in economic activity. In 
that sense protecting air quality in the Reservation area, assists economic development 
efforts. 
 

5. Class I air quality redesignation on the Bad River Reservation will not 
constrain economic development in the surrounding area. 

 
Air quality modeling done in support of the Bad River Band’s proposed Class I air 
quality designation has demonstrated that a large air pollution source located adjacent 
to the Reservation would not violate the Class I air quality increments on the 
Reservation. In addition, most of the existing manufacturing facilities in the study area 
have quite modest emissions, far lower than the emissions of the hypothetical biomass-
fueled electric generator that was modeled adjacent to the Reservation. That 
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hypothetical generator, despite its emission of 350 tons of NOx and 105 tons of SO2 per 
year, had very little impact on the Class I PSD increments on the Reservation. The 
forest products firm in the study area with the highest particulate emissions, the 
Columbia Forest Products Mill in Mellen (20 miles south Odanah) emitted about two-
thirds of the particulate associated with the modeled biomass generator. All the other 
existing forest products firms in the study area had much lower air emissions for all of 
the controlled pollutants. In addition, new forest products facilities would likely deploy 
new technologies that would be less pollution-intensive than older existing operations. 
For all of these reason, it is unlikely that the limited Class I increments available under 
Class I Reservation status would hinder the expansion of manufacturing activity similar 
to what is currently found in the region surrounding the Bad River Reservation. 
 
The area has significantly diversified its economy away from primary reliance on the 
natural resource and heavy industrial processes that in earlier decades made up its 
economic base. Such potentially polluting industrial sectors have been in decline in the 
region for many decades. The local economic base is increasingly tied to professional 
and technical services, including health services, education, local government, and a 
growing visitor economy. In addition, the low air emissions of the many existing 
manufacturing facilities located in the study area demonstrate that manufacturing 
expansion is compatible with clear air. 
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I. The Economic Impacts of Class I Air Quality Designation of the Bad 
River Reservation: An Introduction 

 
 
The Bad River Band of the Lake Superior Chippewa is considering proposing to the 
U.S. Environmental Protection Agency (EPA) that the air quality standards aimed at 
“prevention of significant deterioration” of air quality for the Bad River Reservation be 
redesignated as a Class I air quality area under the Clean Air Act. The Clean Air Act 
(CAA) designated almost all areas in the nation as Class II areas except for National 
Parks and National Wilderness Areas which were designative Class I areas. The CAA 
also allows state and tribal governments to request redesignation of lands under their 
jurisdiction to either less stringent (Class III) or more stringent (Class I) air quality 
designations for the prevention of significant air quality deterioration. Since 1977 five 
tribal governments have requested and obtained such Class I redesignation for their 
reservations. 
 
Under the Clean Air Act the Prevention of Significant Deterioration (PSD) program 
seeks to protect air quality in areas that meet the national ambient air quality standards. 
The purpose of setting maximum pollution levels, however, was not to allow all areas of 
the nation that met those standards see their air quality deteriorate to those levels. 
Instead, limits were placed on the additional pollution that would be allowed in an area, 
limits that were below the maximum nationwide levels. Class I redesignation would 
allow smaller increments of additional pollution than Class II would, thus assuring a 
higher level of air quality. 
 

1. Focusing on Local Quality of Life and the Visitor Economy 
 
The Bad River Band contracted with Power Consulting to provide an analysis of how 
Class I redesignation would affect the economic vitality of the Reservation area, 
including the surrounding counties, and the economic well-being of the residents of that 
area. In particular, that economic analysis focuses on the role of clean air in supporting 
local quality of life and the local recreation economy.  President John F. Kennedy, 
speaking in Ashland, WI, in 1963, focused on the importance of regional environmental 
quality in supporting the local economy: “1 
 

…And we have bright hopes for the development of your magnificent 
outdoor recreation facilities. If properly developed, recreational activities 
and new national parks, forests, and recreation areas here can bolster 
your economy and provide enjoyment to many millions of people for many 
years to come….Lake Superior, the Apostle Islands and the Bad River 
area are all unique. They are worth improving for the benefits of 
sportsmen and tourists. In an age of congestion and pollution, man-made 
noise and dirt, Lake Superior has a clear beauty that millions can enjoy…. 

                                            
1
 September 24, 1963, pp.  5 and 5, John F. Kennedky Library and Museum, 

http://www.jfklibrary.org/Asset-Viewer/Archives/JFKPOF-046-048.aspx   

http://www.jfklibrary.org/Asset-Viewer/Archives/JFKPOF-046-048.aspx
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This focus on the quality of life and the recreation economy is tied to the recognition in 
the Reservation area that protecting local quality of life is a dominant concern in 
assuring local economic well-being and local economic vitality. 
 
In 2001 the Bad River Band adopted an Integrated Resources Management Plan for the 
Reservation.2 In preparation for developing that plan, the Bad River Natural Resources 
Department asked Band members to fill out a questionnaire detailing their views on how 
the Reservation’s natural resources should be managed. As the Executive Summary of 
the plan said: “Bad River members indicated that their greatest concerns centered on 
protection of the environment, especially water quality.” 3 “In addition to maintaining the 
quality of both surface water and groundwater, important conservation issues within the 
Bad River Reservation…include preserving, enhancing, and restoring native 
biodiversity, and protecting natural processes (e.g., nutrient cycling, soil formation, and 
natural water level fluctuations) important to the proper functioning of ecosystems.” 
 
Citizens in the larger region surrounding the Bad River Reservation have reflected the 
same values in their “Comprehensive Planning” efforts. For instance, in 2010 Bayfield 
County adopted “Imagine Bayfield: Bayfield County Comprehensive Plan Update 2010.”  
As background for its planning exercise, Bayfield County also conducted a survey of 
residents. Its findings were similar to those of the Bad River Band’s survey of its 
members over a decade earlier:4 
 

Ninety percent of respondents agreed or strongly agreed that Bayfield 
County should further ensure that its lakes, rivers, streams and wetland 
are protected. 
 
Seventy-four percent of respondents agreed or strongly agreed that 
additional development restrictions should be put in place to protect the 
aesthetic beauty and ecological functioning of lake, river, and stream 
shorelines. 

 
The Ashland County Comprehensive Plan also emphasized the importance of 
protecting environmental quality. The “Natural Resources” goal was to “Preserve and 
protect the County’s natural resource base from potential degradation and 
contamination.” 5 The first “objective” under that goal was to: “Encourage the 
preservation and protection of environmental corridors for wildlife, water quality values, 
and habitat protection.” Other objectives included increased protection of the surface 
and groundwater resources and maintaining the scenic beauty of the county. The last 
objective made clear that environmental quality was seen as an important “natural 

                                            
2
 Bad River Band of Lake Superior Chippewa Indians, approved 7-2-2001, compiled by Joan Elias. 

3
 Ibid. p.ii.  

4
 Imagine Bayfield: Bayfield County Comprehensive Plan Update 2010, p. 13. 

5
 “Ashland County Comprehensive Plan: 2006 to 2025, Policy Document,” Adopted by County Board on 

November 29, 2006. Page 2-5. 
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resource” in the same sense that commercially developable natural resources are: 
“Maintain and encourage the sustainable use and development of natural resources.”6  
 
The Iron County Comprehensive Plan also emphasized the importance of quality of life. 
In discussing the “overall planning goals and objectives” it stated that: “The overall goal 
is to maintain the quality of life in Iron County.”7  In the chapter discussing “Economic 
Development,” the Comprehensive Plan again recognized the importance of quality of 
life: “A good quality of life is becoming increasingly important to employers and 
employees alike, not only in Wisconsin, but around the country.”8 In the recommended 
economic development objectives, the Iron County Comprehensive Plan, however, 
emphasized the need for “balance”: “Balance economic development needs with the 
desire for an enhanced quality of life that works to preserve the rural character of the 
County for existing and future residents.9 
 
Clearly the Bad River Band and the local governments in the vicinity of the Reservation 
have recognized the importance of protecting the amenities associated with the natural, 
cultural, and social environment of the Reservation and in the area surrounding the 
Reservation. This is not “just” an aesthetic or cultural concern but a concern about local 
economic well-being and vitality. That focus has guided the following analysis of the 
economic impact of Class I redesignation for the Reservation. Our analysis, like the 
planning documents quoted above, will also focus on local quality of life and the local 
amenities that hold and attract both new permanent residents and visitors. 

 
 
 

II. The Economy of the Region Surrounding the Bad River Reservation  
 

1. The Bad River Reservation Economic Study Area  
 
An “economy,” in a market sense, has to involve a geographic area large enough to 
include most of the market transactions in which residents participate. A small 
community that contains little more than a general store, school, church, volunteer fire 
department, and post office as well as a few restaurants, bars, automobile service 
stations, and convenience stores, cannot be analyzed as an “economy” because most 
of its sources of income and the location of its spending are unlikely to be contained 
within that community.  
 
An integrated economy has to include the primary sources of employment and income 
as well as the private and public organizations that provide most of the area’s goods 
and services.  That means that an economic study area has to be larger than a 
relatively small town or a single county. It has to include the larger geographic area that 
includes the labor markets and retail trade activities that support residents and local 

                                            
6
 Ibid. 

7
 Iron County Comprehensive Plan, Draft-November 2005, p. 1-12. 

8
 Ibid. p. 6-10 

9
 Ibid. p. 6-19 
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businesses. To establish the appropriate minimum economic area, one has to study 
worker commuting and household shopping patterns across the local geography. 
 
The largest trade center in the vicinity of the Bad River Reservation is the City of 
Ashland just to the west of the Reservation. In 2012 it had an estimated population of 
8,720. The next largest trade center is the twin-cities of Hurley and Ironwood about 20 
miles east of the Reservation’s eastern border. Hurley is located in Iron County. 
Ironwood is adjacent, across the Montreal River, in Gogebic County. In 2012 those twin-
cities had a joint population of 6,848. There are no other trade centers of similar size 
within a 50 mile distance of the Reservation. The City of Washburn in Bayfield County 
just a dozen miles from the City of Ashland had a population of 2,645, less than a third 
the size of Ashland. 
 
Economists have long recognized that economic relationships across geographic areas 
are affected by both the “economic mass” of different locations measured by population 
or the size of the economy and the distance between them. Larger economies exert a 
gravitational-like pull, attracting more spending, workers, and in-migrants, but the 
strength of that economic pull decreases with distance.10 This can be seen, for instance, 
in the flow of workers from Bayfield County to Ashland County. Almost 2,000 workers 
who reside in Bayfield County commute to work in the more populous Ashland County. 
That represents almost a third of Bayfield County’s resident workers. The flow the other 
direction, from the more populous county to the less populous is much smaller, 300 
workers. Also the flow of Bayfield workers to the more distant Iron County and the 
reverse flow are near zero. Ashland County, with the largest trade center in the region, 
is able to draw a small number of workers from Iron County, 146.11 Retail trade flows 
are likely to follow a similar pattern. 
 
Finally, as discussed in the energy effects section of this report (H. Gephardt) and later 
in this economics section, the Rainbow Lakes Wilderness Area, about 25 miles to the 
southwest of the Reservation is a “mandatory Class I” air quality area that is likely to 
restrict new sources of air pollution located to the south and west of that wilderness 
area. That is, redesignation of the Bad River Reservation as a Class I air quality area is 
unlikely to add any new restrictions on new air pollution sources that are more than 25 
miles to the south and west from the Reservation. For that reason there is no need to 
extend the economic study area to more distant counties in those directions. 
 
Based on those considerations we have chosen the economic study area for our 
analysis of the economic impacts of Class I Designation for the Bad River Reservation 
to include Ashland County where the vast majority of the Bad River Reservation is 
located12 and the counties immediately to the west and east of Ashland County: Bayfield 

                                            
10

 See “Trade Area Analysis” in the University of Wisconsin Extension, Cooperative Extension, 
“Downtown and Business District Market Analysis, http://fyi.uwex.edu/downtown-market-
analysis/understanding-the-market/trade-area-analysis/#Customer_Data . Accessed 12/28/2012.  
11 2000 Census,Residence County to Workplace County Flows for Wisconsin, 
http://www.census.gov/population/www/cen2000/commuting/index.html .  
12

 A small part of the Reservation is located in the northwest corner of Iron County. 

http://fyi.uwex.edu/downtown-market-analysis/understanding-the-market/trade-area-analysis/#Customer_Data
http://fyi.uwex.edu/downtown-market-analysis/understanding-the-market/trade-area-analysis/#Customer_Data
http://www.census.gov/population/www/cen2000/commuting/index.html
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and Iron Counties.13  Economically Bayfield County is closely connected with Ashland 
County. Iron County is included in the study area because it is immediately adjacent to 
both the Bad River Reservation and Ashland County. This represents and area about 
75 square miles with the Bad River Reservation making up the north central part of that 
land area. See Figure 1. 
 
The Bad River Reservation and our study are is largely rural and relatively economically 
isolated. If one uses population density to represent market opportunities and  uses 
access to highways classified by their traffic capacity and speed limits as a measure of 
connectivity to those markets, areas can be classified by their proximity and connectivity 
to markets. Evaluated according to those criteria, the Bad River Reservation is on the 
edge of economically highly isolated areas to the south and east. On the other hand, 
our economic study area contains a relatively large trade center, the city of Ashland, as 
well as ex-urban residential areas to the west. See Figure 2 below.  Although relative 
isolation can restrict economic opportunity, in the last several decades rural areas with 
their open spaces and low population density have also served as an attractive feature 
to both new permanent residents and visitors.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                            
13

 Southern Ashland County is linked to northern Price County. Almost 520 Ashland County residents 
work in Price County while over 160 Price County residents work in Ashland County. This is due to the 
fact that the city of Park Falls is located just across the Ashland County border in Price County. Park Falls 
has a population of just under 3,000. It is the largest urban area within many miles of southern Ashland 
County and represents the dominant trade center for the surrounding area including southern Ashland 
County. The distance of most of Price County from the Bad River Reservation (90 miles from Odanah to 
the southeast corner of Price County) led us to exclude Price County from the study area.  
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Figure 1 

Bad River 
Reservation 

Bad River Reservation and  
3-County Study Area Location 

 
Source: Water Resources of the Bad River Indian Reservation, 
Northern Wisconsin, USGS Water-Resources Investigations 
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Figure 2 

 
http://www.stthomas.edu/geography/research/studentprojects/projectfiles/student%20projects/vonThunen.pdf    

 
 
 
 

 
2. The Limits of the Export-Base View of the Local Economy in Which the Bad 

River Reservation Is Embedded 
 
Most contemporary discussions of the forces driving local economic vitality are over-
simplified into what has come to be called an “export base” or “economic base” view of 
the economy. In northern Wisconsin this usually involves focusing on the land-based 
economic activities of forest products, mining, and agriculture and associated 
manufacturing. In an earlier period, mining and ore processing would also have been 
included in the “export base.” These economic activities are seen as the historic export 
base. Within that export base view, local economic health is assumed to be determined 
by the health and profitability of those export-oriented businesses that the local 
community hosts. That approach to the local economy artificially narrows our view of the 
actual sources of local economic vitality and encourages us to limit ourselves to the 
”view through the rear-view mirror” rather than directing our attention to present reality, 
trends, and future opportunities. 
 
Discussions of the Ashland area economy, as well as that of the relatively rural areas 
such as the Bad River Reservation and the rest of Ashland County, are often carried out 
in the context of that export base view. In that view, businesses are assumed to locate 
in a community because of certain site-specific commercially valuable resources such 
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as forests that provide the raw materials for pulp, paper, and wood products 
manufacturing or the metal ore deposits in the Penokee-Gogebic Range that stretches 
to the southwest across Iron County into Ashland County. Such commercially valuable 
resources draw export-oriented business firms that create jobs and then workers and 
their families move to where those jobs have to be located. The geographic distribution 
of these export-oriented resource firms is claimed to explain why people live where they 
do. To many this is just hard-nosed economic realism. “That’s the way the economy is.”   
 
One serious limitation of this over-simplified view of what makes the local economy tick 
is that it does not explain very well the changes that have taken place in the economic 
areas surrounding the Bad River Reservation over the last four decades. If we separate 
the traditional export-oriented sectors from the rest of the economy and look at how 
employment and income have changed, it is clear that there are other forces driving the 
local economic vitality of the area surrounding the Bad River Reservation. 
 
If we approximate the “traditional” export sectors of our economic study area as 
manufacturing (including forest products), mining, agriculture, and federal military 
employment and look back over the last four decades, we see employment in those 
export sectors declining by about a sixth at the same time that employment in the rest of 
the economy was more than doubling.14 Between 1969 and 2009 jobs in the export 
sectors declined by about 640 jobs. These included the loss of the DuPont munitions 
plant near Washburn, the James River paper plant in Ashland, and the Louisiana Pacific 
sawmill, also in Ashland. Despite those export-oriented job losses, over 10,000 jobs 
were added in the rest of the economy.15 That is, each lost export sector job was 
replaced by about 16 other jobs outside of the traditional export sectors (e.g. health 
care, education, finance, etc.). These were not primarily seasonal jobs in tourism nor 
exclusively low-paid jobs but, rather, included a mix of both skilled and entry-level jobs. 
This is the opposite of what the export base view indicates should have happened. As 
the traditional export base lost jobs, it should have pulled employment that was non-
export or locally-oriented down with it, with negative “ripple” or multiplier impacts 
throughout the study area. That did not happen. 
 
The export base view of the economy is an income circulation model and is most 
accurately applied to changes in the income flowing in from outside the economy 
because of exports. We can look at the relationship between the traditional export base 
and the non-export flows of income by focusing instead on aggregate real income 
received by residents of our study area from employment in the export sectors and 

                                            
14

We have labeled this the “traditional export sectors” because they are the sectors that are usually 
mentioned when an area’s “economic base” is discussed. Most economic observers today would go 
beyond these “traditional” sectors to include economic activity associated with visitors (“tourists”), 
educational institutions serving primarily non-residents, and specialized services being provided to clients 
outside of the local economy. As a result our residual “rest of the economy” includes some economic 
activity aimed at customers outside the local economy that should be include in a complete description of 
the “export base.” This will be discussed later in the report. 
15

 All economic statistics, unless otherwise indicated, come from the U.S. Department of Commerce’s 
Regional Economic Information System. Income figures are converted to 2009 dollars using the CPI. The 
1969 starting point is the first year for which this local economic data is available for all counties. 
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compare it to income received by residents unassociated with jobs in the traditional 
export sectors. The real earnings paid to workers in the traditional export base sectors 
decreased by about $13 million, a 12 percent decline. Instead of income from other 
sources following the export base downward, real income from those other sources 
expanded by $642 million or 150 percent. For each dollar decline in payrolls in the 
traditional export base, about $50 was obtained from other sources in the study area.  
Again, rather than the traditional economic base driving the rest of the economy, the 
rest of the economy was showing significant autonomous economic vitality that allowed 
the economy to continue to expand despite the significant declines in the traditional, 
extractive and manufacturing base. The Figures 3 and 4 below show this for both jobs 
and income. 
 
 

Figure 3 
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Figure 4 

 
 
 
It is important to realize that this divergence between a declining traditional economic 
base and an expanding overall economy is not a unique feature of the largely rural 
region surrounding the Bad River Reservation. The same pattern can also be found in 
larger regional trade centers such as the Duluth-Superior metropolitan area to the west 
of our economic study area or in the Wausau metropolitan area to the southeast of our 
study area. In St. Louis County, where Duluth is located, real earnings from the 
traditional economic base declined almost 60 percent between 1979 and 2009 while 
real income from outside of the traditional economic base expanded 120 percent. In 
Douglas County, adjacent to Bayfield County and where Superior is located, between 
1979 and 2009 real earnings in the traditional economic base declined by about a 
quarter while real income received outside of the traditional economic base expanded 
by 70 percent. In the Wausau metropolitan area over the last 20 years, jobs in the 
traditional export base declined slightly, by 4 percent, but jobs outside of those 
traditional export sectors nearly doubled, increasing by 94 percent. If we instead took 
another Lake Superior Chippewa Reservation, that of the Fond du Lac Band in 
northeastern Minnesota’s Carlton County, we find the same pattern.  Between 1969 and 
2009 jobs in the export sectors declined by almost 2,000 while over 10,000 jobs were 
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added in the rest of the economy.16 That is, each lost export sector job was replaced by 
about five other jobs outside of the traditional export sectors. This is the opposite of 
what the export base view indicates should have happened.  
 
This pattern is also not unique to the northern Great Lakes region. Across most of the 
United States, in both larger urban and rural areas, a systematic restructuring of the 
economy has led to shrinkage of the importance of land-based and heavy 
manufacturing activity while large numbers of a broad range of new light manufacturing 
and high- and low-skilled service industry jobs (e.g. health care, education, information, 
business management, etc.) have been created.  
 
 

3. The New Sources of Economic Vitality in the Area Surrounding the Bad River 
Reservation 

The ongoing expansion of the economy in the study region despite declines in 
employment and real earnings in the traditional export base may appear to be an 
economic puzzle to some. For that reason it is important to understand what sectors of 
the economy have been responsible for the economic vitality of the Bad River 
Reservation area despite the difficulties in forest products, other manufacturing, mineral 
extraction, and agriculture over the last several decades. 
 

A. 2009 Snapshot of the Study Area Economy 
 

i. The Sources of Jobs 
 
The sectors that are the source of most of the jobs are the service sectors, including 
health and visitor services, and other professional services (35 percent), government 
including the governmental activities of the Bad River Reservation (17 percent), and 
retail and wholesale trade (12 percent). Those three broad sectors represent almost 
two-thirds of all jobs in the three-county study area. The traditional land-based 
economic activities, agriculture, forestry, forest products and other manufacturing and 
mining were the source of 17 percent of jobs. Construction provided 8 percent of the 
jobs while financial and real estate firms provided 7 percent. Finally transportation and 
public utilities were the source of the remaining 6 percent of jobs. See Figure 5 below.  
 

It should be pointed out that the 2,900 jobs associated with accommodations eating and 
drinking establishments, entertainment, and recreation shown in Figure 5 above 
represents only part of the overall “visitor economy.” The Wisconsin Department of 
Tourism estimates that the direct jobs in tourism in our three-county study area total 
5,705 jobs for 2009, almost twice those shown in the Figure 5 below.17  

                                            
16

 All economic statistics, unless otherwise indicated, come from the U.S. Department of Commerce’s 
Regional Economic Information System. Income figures are converted to 2009 dollars using the CPI. The 
1969 starting point is the first year for which this local economic data is available for all counties. 
17

 Since the BEA REIS data used for  Figure 5 treated both part-time and full-time jobs as simply “jobs,” 
while the Wisconsin Department of Tourism data estimated ful- time-equivalent jobs, the total tourism 
direct employment estimated by the state is actually more than twice what the BEA REIS data indicate if 
both are put on the same basis.  “The Economic Impact of Expenditures by Travelers on Wisconsin 
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Figure 5 

 
 
 
 

ii. The Sources of Workers’ Earnings 
 
If we measure the relative importance of the various sectors of the economy in terms of 
the contribution they make to the total payroll paid to workers18 in our study area, the 
picture is somewhat different because some sectors of the economy provide more full-
time jobs and the annual pay per job varies from industry to industry. For instance, 
manufacturing in the study area represents only 10.2 percent of all jobs but are the 
source of 12.2 percent of all labor income because those jobs’ pay is above average 
and more of them are full-time jobs. Other sectors paying above average pay are 
government, health services, and construction. At the other extreme are visitor services 
(accommodations, eating/drinking establishments, and entertainment/recreation 
employment and earnings). These sectors provide 12.4 percent of jobs but only 6.3 

                                                                                                                                             
Calendar Year 2010, County by County Report, April 2011, Section D, 2010 vs. 2009 County by County 
Traveler Expenditures-Direct Impact. 
18

 Labor earnings include the earnings of the self-employed which, strictly speaking, is not “payroll.” In 
addition it includes employer contributions to health insurance and retirement programs. 
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percent of earnings because many of the jobs are part-time and the pay per hour is 
relatively low. The same is true of agriculture where, when agricultural prices are low, 
farm incomes can be quite low or negative. In addition, farming often is just one of the 
jobs that support farm families.  Finance, insurance and real estate jobs also appear to 
be part-time jobs, with a much larger share of jobs than of income. See Table 1 below. 
 

Table 1 

 
 
 

iii. Non-Employment Income: Investment, Retirement, and Other Income 
 
Labor earnings (wages and salaries, benefits, and the net income of the self-employed) 
are not the only source of income to individuals and households. Income is also 
received from investments in stocks, bonds, and real estate in the form of dividends, 
interest, and rent. Some of this investment income is also retirement income. In 
addition, people receive income from government-run programs such as Social 
Security, Medicare, military pensions, Medicaid, Food Stamps, Unemployment 
Compensation, and other government support programs. These collectively are labeled 
transfer payments in the national economic accounts because they involve the 
government collecting revenues from one group of people and transferring it to another 
group of people in a form that is not current wages or salaries although workers may 
have paid into these programs during their working lives. 
 
Investment income and transfer payments represent substantial flows of income. Total 
labor earnings associated with jobs in the study area in 2009 were $680 million. 
Investment income was $171 million and transfer payments were about $277 million. 
That is, investment income added about 25 percent to the labor earnings and transfer 
payments added another 40 percent. As a result, total personal income was $1.2 billion, 
73 percent larger than the labor earnings associated with jobs in the study area. Put 
slightly differently, labor earnings associated with jobs in the three-county study area 
were the source of only 60 percent of total personal income. The other 40 percent of 
personal income was received from sources not related to current employment in the 

Sectors of the Economy

Earnings Jobs

Government 25.7% 17.1%

Health, Education, Social Services 14.8% 9.8%

Manufacturing including Forest Prod. 12.2% 10.2%

Construction 12.2% 7.7%

Trade: Retail & Wholesale 10.3% 12.0%

Other Professional services 10.4% 12.9%

Transportation and Public Utilities 6.3% 4.5%

Visitor Services 5.3% 12.4%

Finance & Real Estate 2.7% 6.7%

Agriculture & Mining 1.2% 6.7%

Source: U.S. Dept. Comm. BEA, REIS

of Earning and Jobs: Three-County Study Area, 2009

Relative Importance

% of Total

The Realtive Importance of Economic Sectors As a Source
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study area economy. For that reason, investment income and transfer payments are 
often called non-employment income. Figure 6 below shows the way labor earnings, 
transfer payments, and investment income contributed to total personal income in the 
study area in 2009. 
 
 

Figure 6 

 
 
 
 
In addition to its relatively large size, non-employment income has another 
characteristic that makes it economically important: Much of this type of income is 
“footloose” in the sense that it follows people to wherever they choose to reside. For 
that reason it makes people more mobile because they have a source of income that is 
not tied to employment opportunities at any particular location. That large income flow 
associated with retirees and the relative mobility of retirees based on the attractive 
qualities of different areas makes the “recruiting” of future retirees a potential local 
economic strategy. Given that older people are particularly sensitive to the health 
problems associated with air pollution, both ozone and particulate, protecting air quality 
would be an important aspect of such a strategy. See M. Neidell, this report for a 
discussion of the impact of air pollution on older people.  
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iv. Income from Commuting Out to Work 
 
There is one other source of income to households and individuals: labor earnings 
associated with jobs that are not located in the county in which individuals reside. 
Bayfield County is somewhat of a bedroom community to Ashland County. Many 
individuals choose to live in Bayfield County but commute out to Ashland County to 
work. This leads to income flows back into Bayfield County. Of course, some residents 
of surrounding counties commute into Bayfield County, too, but return to their counties 
of residence at the end of the work day. On net, however, this net commuting into 
Ashland County leads earnings that are generated within Ashland County to leak out to 
the counties where the workers reside. In 2009 the net impact of the out-commuting and 
in-commuting to work was a net flow of labor earnings into Bayfield County of over $100 
million. That added almost 60 percent to the wages and salaries being received by 
residents of Bayfield County on top of the wages and salaries associated with jobs 
located within that county. This was almost the size of all of the earnings produced by 
all private sector jobs in Bayfield County.  
 
Of course, Bayfield County’s gain from its out-commuters was Ashland County’s loss 
and that income flowed into Bayfield County. However, because shopping patterns 
partially reflect commuting to work patterns, much of those wages and salaries may flow 
back into Ashland County as expenditures. Figure 7 shows the fluctuations and trends 
over the last four decades in this flow of wages and salaries into and out of Bayfield and 
Ashland Counties. 
 
There are two quite different interpretations that can be given to these travel-to-work 
patterns. One is that it is the lack of employment opportunities in Bayfield that “force” 
residents of that county to travel to Ashland County to work. Given that this pattern has 
existed for forty years and the extent of out-commuting has increased, not decreased, 
something more must lie behind this pattern. After all, residents could have simply 
moved to Ashland County when it became apparent that jobs in Bayfield County were 
not growing as fast as the workforce there. Instead, the pattern was the opposite, more 
and more workers chose to live in Bayfield County and commute to Ashland County. 
That is, Bayfield County was able to attract residents despite relatively fewer 
employment opportunities. Put differently, families chose to live in Bayfield rather than 
Ashland County despite the time and cost of commuting. Attractive qualities associated 
with Bayfield County as a residential location more than compensated for the cost of 
commuting. Perceived quality of life advantages associated with living in Bayfield 
County were at least partially responsible for this long-term commuting pattern. This 
pattern also points to an opportunity for Ashland County to hang on to more of the 
economic value created there if it can successfully compete with Bayfield County as an 
attractive place for families to reside. More creative efforts to repair and enhance 
environmental quality in the vicinity of the City of Ashland could assist considerably in 
this effort. 
 

Air quality considerations are important to families as they make residential location 
decisions. Children are especially susceptible to the effects of ozone and particulates 
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and parents seek to avoid more heavily polluted areas. See M. Neidell in this report for 
the impacts of air pollution on children’s health. 
 
 
 

Figure 7 

 
 

 
B.  The Sources of Local Economic Vitality: Job and Income Gains and Losses  

 
Earlier we pointed out that while the traditional export sectors have shown relatively little 
growth as sources of new jobs and wages and salaries, other sectors of the area 
economy showed considerable economic vitality. Here we wish to briefly explore the 
sectors that did and did not contribute to that vitality. Table 2 shows the expanding 
sectors as well as the contracting sectors of the study area over the last four decades.  
The changes in real payroll between 1969 and 1999 as well as between 1999 and 2009 
are shown as are the changes for the whole forty-year period. It is important to keep in 
mind that beginning in 2007 the national economy faced both a deep financial crisis and 
the most serious economic downturn since the Great Depression of the 1930s. That 
partially explains the poorer economic performance over the last decade. 
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Table 2 

 
 

  
i. Manufacturing, Including Forest Products 

  
Manufacturing employment, which includes, among other things, jobs in logging, pulp 
and paper, and wood products, fluctuated over the last 40 years between 2,000 and 
2,500 on about a six year cycle. Manufacturing employment peaked in 1995 at 2,700 
and then declined over the next 15 years to 1,900 in 2009, a loss of 800 jobs or about 
30 percent. Real manufacturing payroll, however, had a distinct upward trend among 
the fluctuations between 1971 and 1995, rising from $70 to $110 million per year. By 
2009 it had fallen to about $85 million or about 23 percent.  
 
Part of this decline in manufacturing jobs is tied to the ongoing deployment of labor-
saving technology in both the harvesting and processing of wood fiber. Just as 
chainsaws displaced axes and handsaws in the first half of the twentieth-century, feller- 
buncher and de-limber-bucker machines have displaced chain saws in the harvest of 
trees. Lumber mills, in turn, have become increasingly automated and computer 
operated. As a result, even with stable or growing timber harvests, employment in forest 
products has tended to decline. In addition many older lumber and paper mills have 
simply closed because they were no longer competitive. The James River paper mill 
and the Louisiana Pacific sawmill that closed in Ashland are examples. 
 
Manufacturing went from providing about 20 percent of all jobs to providing just 8.5 
percent of jobs. That is, the relative importance of manufacturing as a source of jobs fell 
to 40 percent of what it once had been primarily because the overall economy continued 

Sector of the Economy

1969-1999 1999-2009 1969-2009

Government $72.0 $24.5 $96.5

Health and Social Services $47.6 $24.5 $72.1

Other Professional Services $63.1 -$27.0 $36.1

Visitor Services ("Tourism") $23.6 -$5.5 $18.1

Retail & Wholesale Trade $1.7 $6.3 $8.1

Construction $37.5 $23.3 $60.9

Transportation and Public Utilities -$2.2 $3.4 $1.2

Finance, Insurance, and Real Estate $10.9 -$0.6 $10.3

Manufacturing including Forest Products $8.2 -$16.9 -$8.8

Agriculture -$10.2 $0.8 -$9.4

Mining -$0.5 $0.7 $0.2

Total Real Earnings $251.7 $33.6 $285.3

Source: US Dept. Comm. BEA REIS

The Sources of Economic Vitality: Growth in Real Earnings by Sector:

Bad River Reservation Three-County Economic Study Area

Changes in Real Earnings ($millions)
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to grow despite the fluctuations and, ultimately, decline in manufacturing employment. 
See Figure 8. Because of the above average pay in manufacturing jobs, however, the 
manufacturing payroll remained more important than these employment numbers 
suggest. As a percentage of all labor earnings in the study area, manufacturing decline 
from 23.9 to 12.6 percent, almost a 50 percent reduction. 
 
 

Figure 8 

 
 
 

ii. Agriculture 
 
Farm income, measured in terms of the on-farm earnings of families, hired farm 
workers, and those who contract to provide agricultural services, has also been 
unstable and in decline and a relatively small part of the overall economy. Between 
1969 and 1991 annual real earnings from agricultural activities fluctuated between $15 
and $25 million per year. In 1989 farm earnings skidded downward to less than $5 
million, most of which went to hired workers. Farm owner-operators saw their aggregate 
net income go to zero and below between 1994 and 2001. Since then farm earnings 
have recovered somewhat, but 2009 was another bad year with total farm earnings at 
the $7.5 million level when the three-county study area total earnings were $680 million. 
That is, farm earnings represented only about one percent of total regional earnings. 
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Clearly traditional land based economic activities were not a source of economic vitality 
in the Bad River Reservation area. Unfortunately, those land-based economic activities 
often were the source of job and income loss. 
 
The local economy surrounding the Bad River Reservation, however, did expand 
significantly. We need to look at those sectors that were able to expand despite the 
shrinkage in the traditional export base to understand the other local sources of 
economic vitality. 
 

iii. Government 
 
The sector of the local economy that expanded most significantly over the last four 
decades was “government,” including the federal, state, county, municipal, and 
Reservation governments. Some might see this as a non-sustainable weakness of the 
local economy because government activities rely on obtaining revenues from taxes on 
private households and businesses.  Those communities adjacent to military bases, 
state prisons, institutions of higher education, National Parks and Forests, etc. as well 
as Tribal resorts and casinos are likely to dispute this characterization. These 
government institutions provide valuable services that most citizens would not want to 
do without or run the equivalent of productive businesses that generate significant 
profits that are returned to the local economy. In that sense, these are valuable 
economic activities that have positive impacts on adjacent communities. 
 
In the study area these government activities include the Red Cliff Reservation, Apostle 
Islands National Lakeshore, Chequamegon National Forest and the Whittlesey Creek 
National Wildlife Refuge in Bayfield County. In Ashland County there are the Bad River 
Reservation, Copper Falls State Park, as well as part of the National Lakeshore and 
National Forest. And in Iron County there is the Highland State Forest and part of the 
Lac du Flambeau Reservation. 
 
It is important to understand that most of the growth in government payrolls is not 
directly related to the federal and state government payrolls. Between 1979, when local 
government payrolls began to be reported separately, and 2009, federal government 
payrolls increased only modestly, by about $12 million, in the study area. State 
government payrolls increased even less, $5.6 million. But local government payrolls, 
including those associated with the Bad River Reservation government, increased by 
almost $69 million. Over three-quarters (76 percent) of the increase in government 
payrolls was associated with local government activities. See Figure 9. 
 
Over the last three decades real civilian federal government payrolls increased by 85 
percent, state government real payrolls rose 67 percent, and local government real 
payrolls jumped 114 percent in the study area. Clearly these sectors were the source of 
both new jobs and increased income. 
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Figure 9 

 
 
 
 
In Fiscal Year 2012 the Bad River Band paid salaries to upwards of 500 individuals for a 
total payroll of over $11.7 million.  The direct expenditures of the Tribal government on 
goods and services were $21.8 million. The Tribe also paid payroll taxes totaling $3.1 
million to the state and federal governments. Total Tribal government expenditures for 
fiscal year 2012 totaled $41.8 million.  
 
In 2009 total local government payrolls, including the Bad River Band, in Ashland 
County were $72 million and local government employees numbered 1,800. Thus the 
Bad River Band were responsible for about a quarter of local government employment 
and a sixth of local government payrolls in Ashland County19 
 
 
 

 
 

                                            
19

 Tribal Economic Impact Information FY 2012, Bad River Reservation. Since the Ashland County 
information is for 2009 and the Bad River Tribal government information is for FY 2012, these are only 
approximate percentages. 
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iv. Services 
 
Although “services” are often casually assumed to be relatively low paid, dead-end jobs, 
typically characterized as “burger flipping,” this is a misleading characterization. Just as 
with manufacturing, forestry, or construction jobs, service jobs do include many low 
paid, even minimum-wage, jobs. But like these other sectors, services also include 
many high-paid professional and technical jobs. Education, for instance, can include 
day care workers who are paid minimum wages but also include well paid professionals 
and administrators. Health services include relatively low paid hospital orderlies, 
laundry, and cafeteria workers as well as physicians, nurses, and technologists. 
 
Health, social, and educational services in our study area were the source of about 15 
percent of labor income in 2009, a total of about $100 million. They were the source of 
2,300 jobs. Between 1999 and 2009 real payroll in these sectors grew by a third, adding 
$25 million. See Figure 10 which shows the payroll associated with health, social and 
educational services as well as other service sectors. Note the impact even on these 
growing sectors of the economy caused by the decline in the national economy after 
2006. 
 
 

Figure 10 
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Health, social and educational services are just one group of the professional and 
technical services. Services also include legal, management, computer, business, 
administrative, and repair services among many others. For most of the last four 
decades the payrolls from all of these service sectors combined grew substantially in 
real, inflation adjusted, terms with real payrolls increasing threefold between 1969 and 
2006, from $79 to $240 million. After 2006, real payroll in these service sectors dipped 
about $27 million or about 10 percent as a result of the “Great Recession.” See Figure 
10 above. 
 
Financial services, including banks, investment firms, insurance, and real estate, also 
saw significant payroll growth in real terms, increasing over threefold from $8 million to 
$26 million between 1969 and 2006 before the financial and real estate crises forced a 
decline of 28 percent or $7 million through 2009. 
 
Finally visitor services, measured by the payroll of sectors primarily serving visitors 
without seeking to estimate a share of retail trade and services spending tied to visitor 
spending, has also risen steadily over the last four decades, more than doubling in real 
payroll between 1969 and 2004 to $42 million. Between 2003 and 2009 visitor service 
payrolls have declined by about $6 million although the number of jobs has been more 
stable than that, hovering around 3,000.  
 
Jobs in the visitor service sectors are more important in some of our study area counties 
than in other. In Bayfield County over 18 percent of jobs are associated with those 
visitor service sectors. In Iron County 15 percent of employment was in those sectors. In 
Ashland County that figure was 11 percent. The Wisconsin Department of Tourism 
estimates the full-time-equivalent jobs associated with tourist spending, including the 
indirect and induced jobs in retail trade, services, and throughout the rest of the 
economy. That employment estimate was significantly larger, 70 percent large, than the 
jobs just in the sectors directly serving visitors. That total visitor-related employment in 
our three-county study area was almost 5,100.20  This, obviously, is a substantial 
number of jobs. In 2009 it represented almost a quarter, 23 percent, of all jobs in the 
study area. 
 
The changes in the American economy over the last half-century have often been 
described in terms of a “shift to services” or the rise of a “services economy.”  The 
growth of almost all of the services sectors in the Bad River Reservation area economy 
over the last 40 years shows that this national trend has also transformed the three-
county economy surrounding the Bad River Reservation. This includes health industry 
jobs such as the technicians, nurses, and doctors at Ashland’s Memorial Medical Center 
Hospital and the Bad River Tribal Clinic. Other professional and technical, jobs such as 
the instructors at the Wisconsin Indianhead Technical College in Ashland, have also 

                                            
20

 Wisconsin Department of Tourism, Davidson-Peterson Associates, April 2011. The 2009 estimates 
were reported instead of the 2010 estimates since the federal data for employment and income we have 
been using only goes through 2009. 
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expanded. Also financial and repair services, visitor services, and government, 
especially local government, have all expanded significantly. The labor earnings in this 
set of service sectors (including the government sector) made up about 20 percent of 
payrolls 40 years ago in the Bad River study area but now represent about 33 percent 
of payrolls. Meanwhile the role of land-based economic activities and manufacturing has 
shrunk from 21 percent to 8 percent of payrolls. Clearly there has been a dramatic shift 
to services in the Bad River Reservation area just as there has been in the nation as a 
whole. 

v. Retirement, Investment, and Other Non-Employment Income 
 
Over the last four decades, retirement-related income has grown significantly in the 
area both because more people have spent their entire working life contributing to 
public and private retirement programs and because the number of retirees has been 
growing. As a result, since 1969 the retirement income received by residents of our 
study area has increased from $98 million to $303 million in inflation adjusted terms. 
That is a threefold increase. We are including in this total federal social security 
payments, Medicare reimbursement of medical costs, veterans benefits, and other 
federal retirement payments as well as part of investment income (dividends, interest, 
and rent). Private pension fund payments are reported as investment income and 
private savings for retirement also generate investment income. We have estimated that 
approximately about 55 percent of investment income is retirement-related in the area, 
about $115 million.21 Another $92 million of investment income was paid to residents of 
the study area that was not related to current retirees. See Figure 11. 
 
Federal and state governments also make payments to individuals in economic 
difficulty. Unemployment compensation payments to laid-off workers and the medical 
bills of low income families, especially low income children, are two examples. The latter 
of these, Medicaid, has been growing steadily as medical costs have escalated across 
the American economy. Although no community would welcome the economic 
situations that trigger these income support flows, namely unemployment, poverty, and 
illness, one of the intended consequences of these payments is to support local families 
and the communities in which they live. These federal and state income support 
programs, especially Medicaid, have grown significantly over the last several decades 
but represent a minority of total non-employment income, about 25 percent.  Three-
quarters of non-employment income is associated with retirement and investment 
income. 
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 We used the statistical relationship between retirement-related transfer payments per capita and 
investment income per capita to identify the part of investment income that was retirement-related. 
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Figure 11 

 
 
 
 
 

vi. Summary of the Long Term Trends 
 
Over the last four decades, 1969-2009, wages and salaries earned in the traditional 
economic base in the area have fluctuated between $100 and $120 million with no 
obvious trend, despite the current decline during the Great Recession. There has been 
no growth trend for forty years. Total real payrolls from all industries, however, were 
able to expand despite this stagnation because government, especially local 
government (including the Bad River  tribal government and the service sectors, 
especially health, technical, and professional services) steadily expanded their payrolls. 
Labor income outside of the traditional economic base grew by almost 150 percent 
allowing total real labor earnings in the three-county area to grow almost 90 percent 
until the 2007 recession struck. Total real income received by residents grew even 
faster and did not decline in the aftermath of the recession. This was possible due to the 
growth of retirement and investment income, government income support programs 
following the recession, and workers choosing to live in the study area and commute out 
to work. As pointed out earlier, these sources of non-labor income (income received that 
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is not associated with current participation in the local workforce) increased by almost 
180 percent between 1969 and 2009 allowing total real income received by residents to 
increase faster than the income residents received from employment. See Figure 12. 
 
 

Figure 12 

 
 
 
This long-run pattern underlines the need to focus on the actual sources of economic 
vitality in the region surrounding the Bad River Reservation rather than focusing 
attention on what the sources of economic vitality were in the distant past. These long-
run economic trends underline the following as the actual sources of local economic 
vitality in the region: 
 

 The rise in the importance of the service sectors of the economy including 
medical, professional, technical, repair, financial, and visitor services. 

 The increasingly important role of local government including the Bad River 
Reservation government. 

 The increasing importance of retirement income. 

 The increasing role of other sources of non-employment income including 
investment income and government income support programs. 
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 The importance of households choosing to live in the study area while 
commuting out to work.  

 
 

4. The Economic Importance of Amenities in the Bad River Reservation Area 
 
The previous sections of this report have documented why it is important in local 
economic analysis not to focus exclusively on export-oriented commercial economic 
activities. Such an exclusive focus on demand for labor in specialized export industries 
may be appropriate in extreme “frontier” or “colonial” economies. But those are extreme 
cases that almost no one would hold up as an economic ideal. Both economic theory 
and empirical economic research underline the importance of not focusing on a pre-
determined set of economic activities that were historically important. Rather, one 
should look closely at all of the sources of income flowing into a local economy are. In 
addition, it is important to recognize the importance of locally-oriented economic activity 
in helping to hold and circulate the income that does flow into the local economy. That is 
the source of the “ripple” or “multiplier” impacts. Finally, people do not just passively 
follow jobs. Jobs also follow people because people’s preferences for what they 
perceive to be higher quality living environments help determine the location of the labor 
force and the local markets for goods and services. Both of these are important 
determinants of the location of economic activity. 
 
In that sense the attractiveness of the area as a place to live, work, and do business is 
relevant to local economic vitality in several different ways: 
 

i. Attracting and Holding Businesses 
 
Businesses have to be concerned about the availability of the workers with the skills 
and experience that a business needs to operate or expand operations. The cost of 
attracting the quality of workers businesses need also matters. If an area is one in which 
workers and their families would rather not live, firms will have to pay the equivalent of 
“battle pay” to attract and hold the workers they need in that area. On the other hand, if 
the area, because of the local social, cultural, natural, and human-created amenities, is 
quite attractive to workers and their families, firms will have no difficulty obtaining the 
quality workforce they need without paying a premium to “bribe” workers into moving to 
or staying in the area. Firms have to be concerned about the availability and cost of the 
workers they need. Local amenities impact both. 
 
In Iron County, the Community Resource Development educator has helped organize a 
program called “Next Generation: Attracting and Retaining Young People.”  The 
program aims at encouraging more of the young people to stay in or return to Iron 
County by emphasizing the quality of life characteristics of the area, both community, 
recreation, and environmental. The program recognizes that if the younger generation 
primarily leaves the area and the population ages in place, it becomes harder and 
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harder to retain and attract new businesses, small or large. That can create a vicious 
economic cycle of decline.22 
 

ii. Attracting and Holding Working-Age Residents 
 
The in-migration of working-age individuals and their families can have a stimulating 
impact on the local economy. In-migrating families typically bring with them capital in the 
form of savings, including the income they received from the sale of their previous 
home. In the process of setting up a household and seeking jobs, the in-migrants spend 
money that stimulates the local economy. Empirical estimates indicate that a working 
age in-migrant can have an impact that creates the equivalent of one new job. In 
addition, ongoing in-migration creates expanded markets for goods and services that 
allow increased specialization and expansion of the local business infrastructure that, in 
turn, allows the economy to capture and hold more of the income generated by reducing 
income leakage out to fund imported goods and services. In-migration can also increase 
the labor supply, somewhat reducing the pay levels for workers of all skills, making the 
area an attractive location for new firms.  
 
Between 1990 and 2008 the population of the three-county study area grew by almost 
3,700 people. None of this growth was due to “natural growth,” births exceeding deaths, 
since deaths actually exceeded births in both Ashland and Iron Counties. As a result, it 
was in-migration of new residents, 4,500 of them, that completely explained the 
population growth.23 See Table 3. Net domestic migration was the difference between 
those moving in and those leaving. The net domestic in-migration (movement from other 
U.S. counties) added over 12 percent to the population of the study area. Without that 
in-migration, population would have actually declined by over 2 percent.  
 
 

Table 3 

 
 
 

                                            
22

Will Andresen, Iron County University of Wisconsin Extension. 
 http://iron.uwex.edu/community-development/  
23

 U.S. Bureau of the Census, Estimates of Population, Components of Population Change, Census of 
Population.  Wisconsin Department of Natural Resources, Regional Profile: Region 1, Table 3. 
http://dnr.wi.gov/planning/scorp/pdfs/region1.pdf 

http://iron.uwex.edu/community-development/
http://dnr.wi.gov/planning/scorp/pdfs/region1.pdf
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After 2008 there was net out-migration as the gains between 2000 and 2008 from in-
migration were lost and there was a net loss of population for the 2000 to 2010 period of 
almost 1,100 people.24 Since 1970 the study area has seen net in-migration alternate 
with net out-migration as we move from decade to decade: in-migration in the 1970s 
and 1990s and out-migration in the 1980s and 2000s. Not surprising, the early 1980s 
experienced the most serious recession until the Great Recession beginning in 2007.  
 
For the whole four-decade period, the more industrialized county, Ashland, saw a net 
loss of about 1,500 people. Iron County, with a past history of mining, had almost no 
change in population due to migration. Bayfield, the county most tied to the visitor 
economy and with the least industrial development gained about 3,100 people from net 
in-migration. The Bad River Reservation saw its population double over this four-decade 
period, with 70 percent of that growth tied to the growth of the Native American 
population. 
 
Projections of future population growth in the Bad River Reservation study area 
prepared in November 2008 by the State of Wisconsin projected ongoing slow 
population growth through 2035 supported entirely by net in-migration. The net in-
migration would add 6,400 new residents, but deaths would exceed births by 2,900, 
leaving a net population increase of 3,500.25 Most of the population growth, 84 percent 
of it, was projected to take place in Bayfield County. Ashland and Iron Counties would 
see only very slow growth as they continue to struggle to make the transition to more 
diversified economies. 
 
Clearly over the last several decades, one source of economic vitality has been 
associated with the area being able to attract and hold new residents.26 Maintaining the 
qualities that make the area an attractive place to live and operate a business by 
maintaining the quality of life will continue to be important to ongoing local economic 
vitality.  
 

iii. Attracting and Holding Retirees 
 
Those reaching retirement age can partially choose their residential location 
independent of the employment opportunities an area may provide. Their retirement 
income follows them, whatever that location decision is. Retirees, therefore, can focus 
more on where they would like to live and what the amenities are that various 
alternative locations have to offer. Some straightforward economic considerations are 
still important including the local cost of living and, in particular, the local cost of 

                                            
24

 Since the 2008 population is an estimate as opposed to the census year actual counts, it is highly likely 
that the population in 2008 was overestimated along with the estimated in-migration that appeared to 
support it. So the loss of population in the late 2000s may not have really been as high as suggested by 
the numbers in Table 3. The loss for the decade may have been a mix of fewer people actually moving in 
during the middle of the decade and lower out-migration at the end of the decade. 
25

 Wisconsin Demographic Services Center, Division of Intergovernmental Relations, Department of 
Administration, 11/5/2008, Projected Population Changes by Components for Wisconsin Counties: 2000-
2035. http://www.doa.state.wi.us/docview.asp?docid=2108 .  
 

http://www.doa.state.wi.us/docview.asp?docid=2108
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housing, easy access to high quality health care, and the potential for part-time 
employment to supplement retirement income. But local quality of life and the myriad of 
local amenities are also very important. The spending of in-migrating retirees stimulates 
the local economy in the same way any injection of income from outside the area does. 
As that income circulates locally it puts others to work generating additional income. To 
the extent that the retirees are entirely out of the labor market, they do not fill the local 
jobs they themselves create. 
 
Between 1990 and 2010 the part of the population of the study area that was over 55 
years of age increased by 27 percent, an increase of 2,800. This population of “seniors” 
went from being 28 percent of the population to almost 36 percent. The growth in that 
part of the population offset the decline in the younger part of the population by 2,200 
people. Thus it was the growth in the “senior” part of the population that was 
responsible for all of the net population growth in the study area. As discussed above, 
almost all of the population growth was tied to net in-migration since the natural growth 
rate was negative with deaths exceeding births. This would suggest that there has been 
net in-migration of people at or near retirement age. Iron County was classified by 
USDA as a “retirement destination” county because of the role of the in-migration of 
those 55 and older in boosting population during the 1990s. The 2010 Census data on 
in-migration by age at the county level was not available at the time of this writing 
(December 2012). As a result we cannot quantify the in-migration of “seniors” during the 
2000-2010 period.27 It is important to realize, however, that the decision of a resident 
who retires to stay in the area has impacts similar to those of a senior moving in. 
 
As pointed out above, the impact of retirement-related income on our three-county study 
area economy has been substantial. Since 1970 the payments from federal government 
retirement programs such as Social Security and Medicare were a larger source of 
income to residents of the study area than the payrolls associated paper, wood 
products, forestry, and other manufacturing. If the estimated part of investment income 
that is retirement-related is added to this federal retirement income, retirement-related 
income has been greater than all manufacturing payrolls since at least 1969 and is now 
over three and a half times as large. Just the payments to retirees from federal 
retirement programs are almost two and a half times as large as all manufacturing 
payrolls in the study area. As important, retirement income has been growing steadily 
for four decades while manufacturing payrolls have shown no growth over that long time 
period.  See Figure 13. 
 

iv. Developing a Sustainable Visitor Economy around Local Amenities 
 
High quality social, cultural and natural amenities not only attract new permanent 
residents but also attract visitors. The “visitor economy” includes a wide variety of 
different types of visitors from professional and business meetings to those focused on 
outdoor recreation to those seeking unique cultural experiences. Of course, there are 

                                            
27

 The aging in place of the general population could be responsible for the growth in the number of 
people over the age of 55 without any in-migration of seniors. Iron County, however, suggests that there 
is substantial in-migration of seniors. 
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also people who come in from smaller towns and rural areas to shop, attend sports 
events, and/or enjoy an evening of entertainment in the region’s restaurants, resorts, 
and casinos.  
 

 
Figure 13 

 
 
 
 
Tourism can be on an “industrial scale” that attracts large volumes of visitors who tend 
to overrun local businesses and facilities and create a homogenous experience that 
could be replicated almost anywhere. That sort of tourism can degrade the quality of life 
for residents as well as visitors, undermining the attractiveness of an area.  
 
Communities, recognizing that tourism can be a threat as well as an economic benefit, 
have tried to become more discriminating in the type of tourism they have encouraged.  
A variety of different names have come to be applied to types of more focused and 
sustainable visitor economies that are consistent with sustaining and not degrading the 
unique aspects of a community:  ecotourism, community-based tourism, cultural visitors, 
heritage traveler, etc. The term that seems to have been adopted to represent all of 
these types of tourism that explicitly seek not to threaten the unique qualities that are 
drawing the visitors to an area is geotourism. It has been defined as: “Tourism that 
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sustains or enhances the geographical character of a place—its environment, culture, 
aesthetics, heritage, and the well-being of its residents.” 28  
 
The development of these types of sustainable tourism and their embrace by the Travel 
Industry Association of America reflects the negative connotation that has come to be 
associated over the years with conventional “industrial scale” tourism. Instead of 
disrupting communities and creating mostly part-time low-paid jobs for in-migrating 
young people, the focus is on visitors and activities that are specifically compatible with 
local characteristics and that maximize local economic benefits. The cultural diversity 
and richness of the Bad River Reservation area, its combination of small city and rural 
lifestyles, and its surrounding rivers, wetlands, lakes, and protected public lands lay the 
basis for a productive expansion of geotourism in the area. 
 
As discussed above, the travel industry is an important part of the economies of each of 
the counties in our study area, especially Bayfield County. The Wisconsin Department 
of Tourism annually studies the impact of tourism on jobs and incomes in each of the 
state’s counties.29 For our three-county study area, the total number of jobs created by 
visitor spending, directly and indirectly, in 2009 was 6,700. That represented 30 percent 
of all jobs in those three counties. For Bayfield and Iron Counties, the smaller two of the 
three counties, the relative importance of the visitor economy as a source of jobs was 
even higher. In Bayfield county, for instance, 3,750 of its 7,500 jobs were associated 
with visitor spending, fully 50 percent. In Iron county over 40 percent of jobs were tied to 
visitor spending. These latter numbers are somewhat misleading because total jobs are 
reported on a place-of-work basis. So the total jobs in Bayfield County are jobs located 
in that county. As discussed above, large numbers of Bayfield residents commute out to 
work in other counties. If the visitor-related jobs were compared to all of the jobs held by 
Bayfield residents, the percentage importance would be significantly smaller. The same 
is true of Iron County. 
 
If we judge the economic importance of the visitor economy in terms of the income to 
residents generated by the visitor spending, the relative importance is significantly 
smaller but still very important. In our economic study area, one in six of the dollars of 
labor earnings received by residents comes directly or indirectly from the visitor 
economy. In Iron County over 50 percent of earnings are estimated to be associated 
with visitor spending. In Bayfield County over a quarter of earnings are associated with 
visitor spending. The caveat provided above applies here too: Earnings by county are 
provided on a place-of-work basis. So in counties with limited employment within the 
counties and significant commuting out to work, the relative importance of these jobs to 
residents’ earnings, from jobs both in and outside that county, would be significantly 
smaller. 

                                            
28

 See “Geotourism: The New Trend in Travel,” National Geographic and Travel Industry Association of 
America, 2003.. http://www.egret.us/clinton/Geotourism%20The%20New%20Trend%20in%20Travel.pdf . 
Also see http://en.wikipedia.org/wiki/Geotourism   
29

 “The Economic Impact of Expenditures by Travelers on Wisconsin Calendar Year 2010 County by 
County Report, April 2011, prepared by Davison-Peterson Associates. 2009 results are reported so that 
they can be compared to the latest year of data on total employment and labor earnings available, 2009. 

http://www.egret.us/clinton/Geotourism%20The%20New%20Trend%20in%20Travel.pdf
http://en.wikipedia.org/wiki/Geotourism
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The difference between the employment and earnings percentages (30 percent of 
employment but only 18 percent of labor earnings) reflects the relatively low annual pay 
associated with jobs in the visitor economy. This is clearly a drawback associated with 
the visitor economy, but it is important to keep in mind that these jobs are often 
seasonal and part-time jobs that provide entry-level employment for young people and 
those returning to the workforce or those for whom part-time and seasonal work are 
preferred because the workers have other economic commitments at school, at other 
jobs, or within the home. For those workers, the flexibility of these jobs is an advantage 
that allows them to pursue some employment while pursuing other objectives. This can 
be valuable to those workers despite the low annual pay. Part-time and seasonal jobs 
are part of the suite of employment opportunities that help potential workers match their 
needs, work experience, and preferences with those of the labor market. Young workers 
or those who have been out of the workforce for an extended period need such entry 
level jobs. In general, workers in these jobs spend only a small part of their work lives in 
such jobs before moving up the occupational ladder. But having such entry level 
positions available is crucial to developing their work experience so that they can move 
on to higher paid jobs. It is in that way that such low paid jobs can actually boost local 
income rather than reduce it. 
 
If the relative importance of the travel economy in supporting the local economy is 
judged by the number of dollars spent by visitors or the number of people employed due 
to that spending, the places where the visitor industry appears to be most important are 
the larger Wisconsin cities: the Milwaukee, Madison, and Green Bay urban areas. But if 
the size of the visitor sector is judged relative to the overall size of the local economy, 
one sees a different picture of where the visitor industry is most important to the local 
economy. That is what we see with in our study area; it is the smaller two of the 
counties where tourism is most important while in the largest of the counties, Ashland, 
tourism plays a more modest role in percentage terms. Although this is typically true of 
more diversified and urban economies, it may also indicate that Ashland County faces 
an undeveloped potential to expand its share of the Northern Wisconsin visitor 
economy. 
 
There is another aspect of the visitor economy that is important in the Bad River 
Reservation area: the large number of vacation, seasonal, or second homes. In our 
three-county study area, 37 percent of housing units were “second” or “vacation” homes 
in 2012. In Iron County 45 percent of housing units were vacation homes. In Bayfield 
County 43 percent were. In Ashland County 24 percent of housing units were vacation 
homes. 30  
 

                                            
30

 American Fact Finder, U.S. Census Bureau. Also Wisconsin 2000 Summary Population and Housing 
Characteristics, PHC-1-51, Table 11, Housing Occupancy and Tenure. In the Census, “unoccupied” 
homes at the time of the Census (April 1

st
 ) are counted and then the reason they are unoccupied is 

noted. One of the categories is “seasonal, recreational, or occasional use.” This is broadly interpreted to 
mean the home is a second home used for recreational purposes. 
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Over the last two decades about 2,800 vacation homes have been built in our study 
area. About two-thirds of all new housing units were vacation homes. In Iron County, all 
of the new homes were vacation homes. The percentage of housing units that were 
vacation homes increased from 32 percent to 37 percent over the last two decades in 
the three-county study area. 
 
These homes represent something in between a permanent resident and a temporary 
visitor.  Second home owners spend considerable money building and maintaining their 
vacation homes as well as provisioning the home while they are living there. At the time 
of retirement, those second homes often become retirees’ permanent residences which 
may lead the number of vacation homes to decline but the positive economic impact 
does not go away since it is replaced by the impact of a “new” in-migrant. 
 
Given the importance of the visitor economy in the study area, it is important to 
understand the importance of clean air in attracting visitors not only because of the 
impact of air pollution on the “aesthetics” of visiting the north woods and lake country 
but also because of the vulnerability of the of people engaged in active outdoor 
recreation  to the health effects of ozone and fine particulates. During vigorous outdoor 
activities, inhalation can shift pollution to deeper areas of the respiratory tract. See M. 
Neidell in this report. 
 

5. Economic Conclusions about the Bad River Reservation Area: A Summary 
 
We have used a wide variety of socioeconomic data to characterize the trends affecting 
the three-county-area surrounding the Bad River Reservation. The socioeconomic 
characteristics and trends we have discussed are important in understanding the likely 
impact of a Class I air quality re-designation of the Reservation under the Clean Air Act. 
Here we wish to summarize the more important of those socioeconomic characteristics 
and trends. 
 
For a good part of the last half-century, the economy in which the Bad River 
Reservation is embedded has been slowly but systematically shifting away from one 
centered on land-based economic activities such as forest products (forestry, logging, 
paper and wood products), mining, mineral processing and shipping, and agriculture. 
The payroll associated with this “traditional economic base” has not actually declined in 
real terms. It has fluctuated significantly around its historical level. But employment and 
labor earnings associated with health and other professional, technical, financial and 
repair services have increased as have local government payrolls (including the 
government of the Bad River Reservation) and visitor services (including, again, that 
from the Bad River Lodge and Casino). The ongoing growth in these expanding sources 
of income has allowed the overall economy to expand, steadily reducing the relative 
importance of the traditional economic base to only about 40 percent of its previous role 
as a source of income: From over 20 percent to just over 8 percent . It is in that sense 
that the regional economy has been transformed.  
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Over the last four decades, the region surrounding the Bad River Reservation has been 
intermittently successful in attracting new residents that allowed the population to grow 
despite an aging population that led the natural growth rate of the population (births 
minus deaths) to be negative.  Income not associated with current employment, i.e. 
non-employment income, has expanded dramatically. Most of this is retirement and 
investment income that follows people as they make residential location decisions. 
About 40 percent of income received by residents of the three-county study area comes 
from these non-employment sources. 
 
A significant number of people in Bayfield and Iron Counties have chosen to live in in 
those counties rather than in the county where they work. This creates a flow of income 
from surrounding counties back into Bayfield and Iron Counties. About a fifth of all the 
income received by Bayfield residents comes from work outside of that county. For Iron 
County that figure is 10 percent. Ashland is one of the counties to which the residents of 
those other two counties commute, causing Ashland to lose about 15 percent of what 
otherwise would have been income to its residents to the surrounding counties. For the 
three-county study area as a whole, these impacts of workers commuting largely cancel 
out. There is a 3 to 4 percent income gain to the area from out-commuting workers. 
 
A significant number of retirees have chosen to live in the study area. This creates a 
flow of income from Social Security, Medicare reimbursements, other pensions and 
investments into the local economy. Iron County is classified as a “retirement 
destination county” by the Economic Research Service of the U.S. Department of 
Agriculture because of the high rate of in-migration of those 60 and older between 1990 
and 2000. 
 
The visitor economy has become increasingly important to the area. The casino/lodge 
the Bad River Band has constructed and operated is an important part of this, as are the 
many of second homes that serve regular visitors to the area. Bayfield and Iron 
Counties are classified as a “Recreation Counties” by USDA due to the large 
percentage of labor earnings in travel-related businesses and the high percentage of 
homes that are vacation homes. 
 
The expanding service economy that has been the primary source of job creation and 
income generation has partially been made possible by the modest increases in the 
resident population and the number of visitors to the Bad River Reservation area. This 
has helped diversify the local economies allowing the area to more successfully retain 
and re-circulate income that flows into the county. 
 
These changes in the economy of the Bad River Reservation area underline the 
importance to the area’s ongoing economic vitality of protecting and enhancing its 
attractive site specific characteristics, the local amenities that make the area an 
attractive place to live and visit. Among those amenities are clean air and water and the 
productive natural landscapes and wildlife they support. It is to the economic importance 
of these that we now turn. 
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III. The Economic Value and Local Economic Impact of Protecting Air 
Quality  

 
 

1.  The Impacts of Class I Air Quality Designations under the Clean Air Act: 
National Parks and Wilderness Areas  

 
The Clean Air Act mandated that all National Parks and larger federally classified 
National Wilderness Areas be designated Class I air quality areas. All other areas were 
assigned Class II air quality status as the default designation. However, states and 
American Indian Reservations were authorized to seek an alternative designation for 
lands under their jurisdiction, either higher air quality (Class I) or lower air quality (Class 
III). 
 
The designation of all National Parks and National Wilderness Areas as Class I 
provides a natural experiment of sorts to see what the impact of such stricter air quality 
regulations and the the many other restrictions on commercial and non-commercial 
activities associated with National Parks and Wildernesses have on local economic 
vitality. The conventional wisdom is that by limiting the commercial use of landscapes 
and the use of air and water for waste disposal purposes, a broad range of economic 
activities will be blocked or become so expensive as to not be feasible. This, it is 
assumed, will reduce the local level of economic activity and reduce employment and 
income opportunities. That in turn will make local households and individuals poorer or 
force the out-migration of some residents because of the limited economic opportunities 
available locally. In any case, it is assumed that local economic vitality will be reduced 
by the stricter control of the commercial use of natural landscapes, air, water, wildlife, 
etc. 
 
While conceptually possible, this line of reasoning assumes that higher air and water 
quality and protected landscapes and wildlife are not valuable to local residents and 
businesses. That is, it assumes that the restrictions on the use of land, air, and water 
are economically irrational in the sense that the value of the protected qualities does not 
justify the stricter protection. If residents and businesses find the protected qualities 
valuable, they may be drawn to areas with stricter environmental protection, partially or 
entirely offsetting any reductions in economic opportunities due to that stricter regulation 
of economic activities in those areas. That, of course, is an empirical question that 
cannot be settled conceptually. One has to study how people and businesses actually 
respond to regulations that protect air, water, landscapes, and wildlife as well as human 
and ecosystem health. 
 
The higher level of environmental protection afforded National Parks and Wilderness, 
environmental regulations that extend far beyond Class I air quality restrictions, 
provides an opportunity to test the impact of some of the most stringent levels of 
environmental protection. National Parks limit private economic activity quite severely; 
recreational hunting is prohibited; permits are usually required for remote camping and 
activities off of designated trails. Similarly with wilderness areas: No motorized or, even, 
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mechanized travel is allowed and no motorized equipment can be used within the 
wilderness. In addition new human structures are banned. Hunting is allowed although 
mechanical devices cannot be used to remove the game. Class I air quality 
redesignation imposes no such restrictions on how Reservation land is used and the 
activities that can take place there except for those necessary to meet the higher air 
quality standards. It is in that sense that National Parks and Wilderness Areas represent 
a much more extreme test of the impact of environmental protection on regional 
economic vitality. 
 
A general review of various measures of local economic vitality in the counties 
containing large National Parks or units of the National Wilderness Preservation System 
does not suggest that these protective landscape preservation measures have hurt local 
economic vitality.  Quite the contrary, communities adjacent to these areas that have 
received the highest level of environmental protection show much higher levels of 
economic vitality, not lower levels. 
 
A 2001 study by the authors analyzed various indicators of local economic vitality for all 
counties in the lower forty-eight states in which large National Parks were located.31 
“Large” was defined as parks with at least 250,000 acres. There were 22 such parks 
located in a total of 45 counties. The indicators of local economic vitality that were used 
were growth in population, employment, real per capita income, and aggregate real 
income. Since most large National Parks are not found in densely settled urban areas, 
the economic vitality of these National Parks counties was compared to the overall 
economic vitality of all non-metropolitan counties in the US. 
 
The results of this comparison clearly demonstrated that the National Park counties had 
much higher levels of economic vitality, with rates of growth of population, employment, 
and real income two to four times higher than found in non-metropolitan counties as a 
whole. See Table 4. Whatever the impact of the stricter environmental restrictions on 
air, water, land, and wildlife use, it did not appear to be retarding local economic 
vitality.32 
 
Our study area has a unit of the National Park system, namely the Apostle Islands National 
Lakeshore. Although the Apostle Islands are part of Ashland County, they are geographically 
much closer to the Bayfield Peninsula where the National Lakeshore headquarters are located 
and where many of the marinas and visitor-oriented businesses are located. Bayfield County, 
despite the loss of almost three-quarters of its manufacturing jobs, saw total jobs double 
between 1969 and 2009. This matches the job performance of large National Park counties 
reported in Table 4 below. 

                                            
31

 The Economic Impact of the Proposed Maine Woods National Park & Preserve, Thomas Michael 
Power, prepared for RESTORE: The North Woods, September 2001. 
32

 Ibid. Chapter III, The Role of National parks in Promoting Local Economic Vitality. It will be noted that in 
the table above, per capita income was somewhat lower in the National Park counties. This is what 
economists would expect in areas that are attractive residents. They will draw a somewhat excess labor 
supply that is willing to sacrifice a certain amount of income to be able to gain access to the higher local 
quality of life. Local home prices and the local cost of living may also be higher, another cost of gaining 
access to valuable local amenities. 
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Table 4 

 
 
 
An analysis of the other mandatory Class I air quality regions, units of the National Wilderness 
Preservation System, also indicates higher levels of economic vitality compared to all non-
metropolitan areas. Over the last half-century, the population growth rates in National 
Wilderness counties has been two to six times that of non-metropolitan counties as a whole. 
The decade by decade comparison between 1950 and 2000 is shown in Figure 14. For the 
period as a whole, population growth rates in the Wilderness Counties were almost five times 
those in non-metro counties as a whole.33 
 
More recent studies of land use changes around National Parks confirm that National 
Parks, despite the higher air quality standards associated with them and the limitations 
on the commercial use of those parklands, have attracted people and economic activity 
rather than depressing local economic vitality.34 A 2011 study used data from 1970 to 
2000 and focused on the 57 largest National Parks in the 48 contiguous states. It 
studied the changes in the non-parkland immediately adjacent to the park.  It found that: 

 
Human populations and intense land uses have increased rapidly in 
recent years around U.S. protected areas, mirroring or surpassing national 
or regional rates of development. For example, the counties around 
Yellowstone and Grand Teton National Parks were among the top 10th 
percentile in population growth in the United States from 1970 to 1997, 
and the proximity to the parks was found to be positively correlated with, 
and a predictor of, rates of rural residential development. Across the 
United States, rates of development have been found to be significantly 
greater in areas with proportionately more protected land. (P. 3300, 
citations not included) 

                                            
33

 “The Impact of Wilderness and Other Wildlands on Local Economies and Regional Development 
Trends,” Gundars Rudzitis and Rebecca Johnson, in McCool, Stephen F. et al. Wilderness Science in a 
Time of Change Conference—Volume 2: Wilderness within the Context of Larger Systems, RMRS-P-15-
VOL 2. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, 
2000. Table 1, page 15. 
34

 “Trajectories in land use Change around U.S. National Parks and challenges and opportunities for 
management. 2011. Cory R. Davis and Andrew J. Hansen, Ecological Applications, 21(8):3299-
3316.”Housing growth in and near United States protected areas limits their conservation value.” V.C. 
Radeloff et al. 2010. Proceedings of the National Academy of Sciences USA 107:940-945. “Residential 
development encroachment on U.S. protected areas. 2010. A.A. Wade and D. M. Theobald. 
Conservation Biology 24: 151-161. 

Measure

of

Economic Vitality  1989-1998 1969-1998 1989-1998 1969-1998 1989-1998 1969-1998

Population 24% 135% 9% 34% 250% 393%

Jobs 34% 205% 17% 76% 203% 270%

Aggregate Real Income 37% 255% 22% 114% 167% 224%

Real Per Capita Income 11% 52% 11% 59% 93% 87%

Percentage Change Percentage Change 

in Large NP Counties

Economic Vitality in the Regions Surrounding 22 Large National Parks

All Counties for National Parks Greater Than 250,000 Acres

Growth Relative to US

in the United States Percentage of US Growth Rate
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Figure 14 

 
 

Our results suggest that lands around parks are experiencing more rapid 
changes than expected from national rates of development. For example, 
the national increase in population density in the United States from 1940 
to 2000 was 113%, but the change in density [in the areas around the 
National Parks studied] was almost double that rate, 224%. Similarly, 
housing density increased by 201% nationwide in the same time period, 
while [in areas around the National Parks studied] housing density 
increased 329%. (p.3309, citations not included) 

 
The important point here is that stricter environmental regulation of natural landscapes, 
including air and water quality, does not depress local economic vitality. It appears to do 
the opposite, stimulate the local economy by making it a more attractive place to live, 
raise a family, and engage in business. 
 
Of course, just as National Parks and Wilderness Areas impose more restrictions than 
just Class I air quality regulations, they also protect a broader range of environmental 
values than just air quality. It is the mix of both the environmental restrictions and the 
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value of the environmental amenities protected that determine the net impact on local 
economic vitality and well-being.  In the following discussions we will focus more directly 
on the economic impacts of regulating air emissions to protect local air quality. 
 

2. The Economic Value of Clean Air 
 
Air pollution can, among other things, drastically change visibility by creating a haze that 
blocks or obscures vistas and generally diffuses sunlight. The chemical content of the 
pollution can also cause discomfort, making the eyes smart and water. Worse still, air 
pollution can damage the bronchia and lungs and stress the cardiovascular system 
leading to a variety of debilitating diseases and, ultimately, premature death (see M. 
Neidell, this report). 
  
These impacts, from obscuring scenic vistas to causing annoying irritations to seriously 
damaging health, have been widely recognized by average citizens and, where 
possible, that air pollution is systematically avoided by people at substantial cost to 
themselves. This can be seen in how people treat air pollution when they go about 
purchasing or renting a place to live. Consider the Los Angeles area, famous for its air 
pollution. Not all of the Los Angeles metropolitan area suffers equally from the pollution. 
Because of the city's rolling terrain, the presence of the Pacific Ocean, and the resulting 
air flow patterns, some neighborhoods regularly have good air quality while others 
suffer. This allows a pairing of neighborhoods with similar housing and socioeconomic 
and community characteristics but significant differences in air quality. Statistical 
analysis can then be carried out to isolate the impact of air quality on property values 
when other characteristics of the property such as crime rates, housing density, age of 
house, income levels, etc. are held constant.  
 
Economists have been studying the damage done by air pollution for many decades. 
Our brief review begins with studies going as far back as the late 1970s using data from 
the 1960s. We then jump ahead to more recent studies. All document the economic 
value of clean air, not as judged by environmental advocates or government agencies, 
but as indicated by the actual economic sacrifices ordinary people make to escape air 
pollution.   
 
A 1995 study provided a review of twenty-five studies of the impact of air quality on 
property values.35 These analyses indicate that, when buying housing in higher-income 
neighborhoods, families were willing to pay the equivalent of about $587 per month 
more for better air; for lower-income neighborhoods, the figure was about $170 per 
month for the same air-quality improvement.36 The air-quality improvement represented 
a reduction of about 60 percent in both nitrogen dioxide and suspended particulate. If 
one assumes that low-income folks have the same ability to enjoy clean air as their 
more affluent fellow citizens but simply do not have the income to express that desire as 

                                            
35

 V.K. Smith and J. Huang, “Can Markets Value Air Quality? A Meta-Analysis of Hedonic Property Value 
Models,” Journal of Political Economy 103(1):209-227, 1995. 
36

 D.F. Brookshire et al. “Valuing Public Goods: A Comparison of Survey and Hedonic Approaches.” 
American Economic Review.  72(1): 165-177. 1982. Values restated in 2010 dollars.  
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strongly when bidding in housing markets, then the value of clean air in the high-income 
neighborhoods might be taken as indicating the relative economic importance of clean 
air when income does not limit expression of that importance.  In a public-policy setting 
where access to clean air is at stake, this higher value may be the most appropriate one 
to use. To do otherwise could lead the benefit cost ratio for cleaning up air in high 
income neighborhoods to be much higher than that associated with cleaning up the air 
in lower income neighborhoods. That would raise questions of environmental justice 
where more heavily polluting activities were approved in poor neighborhoods but 
rejected for higher income neighborhoods or enforcement efforts were more focused on 
affluent neighborhoods than on poor neighborhoods. 
  
The Los Angeles region has become a symbol of an affluent lifestyle built around 
materialism and commercialism. Yet Southern Californians have been willing to spend 
considerable shares of their income pursuing cleaner air: $587 per month is $7,000 per 
year and $210,000 over the life of a 30-year mortgage! Clean air obviously has 
considerable economic value to these people, and presumably, to most of the rest of 
the population. 
 
Analysis of property values in various parts of Boston revealed a similar pattern. All 
other things held constant, the less pollution, the more homebuyers are willing to pay for 
homes of similar character and quality. In heavily polluted neighborhoods, the data 
indicate that high-income households would be willing, on average, to pay $17,000 in 
higher home purchase costs for an 11 percent reduction in pollution. Low-income 
households were willing to pay $8,600 for the same reduction.37 
  
Instead of determining what people are willing to pay in higher property values to obtain 
cleaner air, we can analyze the way salary levels for highly mobile occupations vary 
geographically with the level of air quality, all other things again being held constant. 
One such study analyzed university professors' salaries. Because the market for 
university professors is a national one that provides job opportunities to do similar 
teaching and research at literally thousands of different institutions of higher education, 
this is a highly mobile group of workers. The study adjusted statistically for the character 
of the school, the characteristics of the town besides air pollution, and the experience 
and characteristics of the professor. It then isolated the impact of different levels of air 
pollution on salaries, calculating the additional income that would have to be provided to 
the average professor to compensate her or him for lower levels of air quality.  
 
In areas with high air quality, a full professor would require, on average, $4,600 per year 
to accept a significant increase in pollution, an increase equal to the average variation in 
pollution levels across the nation. Assistant professors would require on average $2,300 
per year to accept that sort of deterioration in air quality.38 An analysis of a much 
broader range of jobs in urban areas indicated that workers in St. Louis would be willing 

                                            
37

 D. J. Harrison and D.L. Rubinfeld. “Hedonic Housing Prices and the Demand for Clean Air.” Journal of 
Environmental Economics. 5: 81-102. 1978. 
38

 M. Bayless. “Measuring the Benefits of Air Quality Improvements: A Hedonic Salary Approach.” Journal 
of Environmental Economic and Management. 9: 81-99. 1982. 
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to pay close to $3,700 per year to obtain a 30 percent reduction in sulfur dioxide in the 
ambient air.39 If these older results are applied to all American households or workers, 
we are clearly talking about improved air quality being worth hundreds of billions of 
dollars nationwide. 
 
More recent studies have focused on the question of whether adopting more stringent 
air quality standards has a negative impact on local economic vitality. In 1996 Michael 
E. Porter wrote an influential article that concluded that environmental regulation did not 
reduce the economic competitiveness of firms and regions subject to more stringent 
regulation.40 What became the “Porter Hypothesis” argued that firms react in an 
entrepreneurial fashion to higher pollution regulations. Those regulations force them to 
study their production processes and retool. In doing so, their innovations and 
investments not only reduce pollution emissions but also increase the productivity of 
their overall production processes, actually increasing their competitiveness. This is not 
a startling result. Economists have long argued that competition among firms does not 
just force firms out of business because their profit margins have been reduced. That 
competition also forces all firms to innovate and find new ways of reducing costs and 
improving quality so that they can survive. The “Porter Hypothesis” simply extends that 
response to pressures on profits from environmental regulations too. 
 
An economics doctoral dissertation in 2009 found confirmation of this hypothesis in a 
county-level study of 410 Appalachian counties in 12 states between 1992 and 2007. 
The study analyzed the impact of changes in the stringency of US EPA air pollution 
regulation on county economies. When communities are found to be in violation of 
federal air quality standards, EPA more closely monitors pollution control efforts until 
those areas cease to be “non-attainment” areas. The study looked at what the impact of 
that higher level of enforcement of air pollution control standards was on local 
population, employment and income. The study concluded that: “We find robust 
evidence that shows that [more stringent] changes in environmental regulations 
positively influence changes in population, total employment, and per capita income. 
Thus we parsimoniously conclude that in the long-run, environmental regulations are 
not detrimental to economic growth.”41  
 
Another recent study (2009) focused on the “birth” of new industrial facilities by county 
found that the impact of the higher EPA regulation that accompanies an area being in 
“non-attainment” of Clean Air Act standards was very small across all plants in the non-
attainment counties. The impact of that higher level of environmental regulation did, 
however, have a significant impact on high-polluting firms such as petroleum refineries, 
iron, steel, and paper mills, and glass and wood products manufacturing firms. For all 

                                            
39

 M.L. Cropper.  “The Value of Urban Amenities.” Journal of Regional Science. 21(3): 359-374. 1981. 
40

 “Toward a New Conception of the Environmental-Competitiveness Relationship,” Michael E. Porter and 
Claas van der Linde, Journal of Economic Perspectives 9(4):97-118., 1996. 
41

 An Empirical Analysis of the Interactions between Environmental Regulations and Economic Growth, 
Chali Nondo, College of Agriculture, Natural Resources and Design, West Virginia University, 2009. A 
research paper of the same title summarizes the results of this PhD dissertation. The research paper was 
co-authored by Chali Nondo, Peter V. Schaeffer, Tesfa G. Gebremedhin, and Jerald J. Fletcher. 
Research Paper 2010-13. The quote is from the abstract of the working paper. 
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firms, the number of new firms was reduced by only 4 percent due to the more stringent 
regulation, but for high-polluters, the number of new firms was cut in half. But these 
high-polluting firms represented only about 8 percent of all new firms.42 So the vast 
majority of firms were not affected.  
 
More rapidly growing areas in the United States have shown themselves to be quite 
flexible in avoiding adopting technologies that burden the growing areas with high levels 
of pollution. In addition, mobile households have tended to move away from high 
pollution areas to lower pollution areas. The results of this dynamic are that the 
exposure of the general population to the air pollution coming from coal fired power 
plants has been significantly reduced. The electric generation serving growing regions 
tends to either not burn coal or build coal-fired generators that are more efficient and 
cleaner. As a result, relatively lower air pollution levels have been compatible with 
ongoing economic growth.43  
 
The impact of high pollution levels inhibiting county population growth and the growth 
that followed when pollution regulation reduced pollution has been documented in the 
counties surrounding Los Angeles. The study focused on the twenty-year period from 
1980 to 2000. Over that time period environmental regulation sharply reduced pollution 
levels in some of the Los Angeles suburbs. Those suburbs that experienced the largest 
pollution reductions saw population growth “soar.”44 Analysis of all of the explanations 
that might explain that population growth such as reductions in crime rates, 
improvements in commuting times to work, changes in relative housing costs, and 
overall growth in the Los Angeles metropolitan economy were analyzed along with 
changes in pollution levels. The conclusion was that: 
 

 Quality of life is an important determinant of household location patters. If 
a location’s quality of life improves, it may experience population growth 
and increasingly attract migrants who chose not to live there in the past. In 
this paper I argue that high ozone levels in the Los Angeles suburbs have 
played a role in discouraging growth in the areas. As Clean Air Act 
regulation reduced smog problems, the Los Angeles suburban counties 
became increasingly attractive places to live. Cheap land and access to 
higher quality of life have encouraged in-migration. 
 

Of course, the opposite scenario is also possible: Air quality is allowed to deteriorate 
and the population moves away because of that, crippling the local economy. 
 
Economists continue to study the impact of polluting facilities on housing values and the 
character of neighborhoods. A 2010 paper studied the impact of a power plant opening 
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 “The Effects of Air Quality Regulations on the Location of Pollution Intensive Manufacturing Plants,”  S. 
Condliffe and O.A. Morgan, Journal of Regulatory Economics, 36(1):83-93, 2009. 
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 “Regional Growth and Exposure to Nearby Coal Fired Power Plant Emissions,” Matthew E. Kahn, 
Regional Science and Urban Economics, 39(1):15-22, 2009. 
44

 “Smog Reduction’s Impact on California County Growth,” Matthew E. Kahn, Journal of Regional 
Science, 40(3):565-582, 2000, pp. 265 and 279. 
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in a neighborhood in the United States during the 1990s. A total of 92 power plant 
locations were studied along with the approximately 205,000 housing units within two 
miles of the location of those plants. Compared to neighborhoods with similar housing 
and demographic characteristics, neighborhoods within two miles of plants experienced 
a 3 to 7 percent decrease in housing values and rents with some evidence of larger 
decreases in property values within one mile and for larger capacity plants. 
Neighborhoods close to the plants also changed. There were modest but statistically 
significant decreases in mean household income, educational attainment, and the 
proportion of homes that were owner occupied.45 
 
A 2008 study used the federal requirement that industrial facilities report their releases 
of chemicals which then are reported in the Toxics Release Inventory (TRI). The study 
sought to see how residents of relatively small neighborhoods within a particular 
metropolitan area reacted to their neighborhood having a facility making such toxic 
releases or the closing of a facility that had been making such releases. Economic 
theory would suggest that areas where such toxic releases increased would lose 
population and that the population remaining would tend to shift towards having lower 
incomes as the higher income residents moved out. The opposite should be true of 
areas where toxic emissions had decreased or ended. They should gain population and 
the average income of the population should rise. 
 
This study focused on migration within a metropolitan area, from one neighborhood to 
another. This type of migration is less costly and risky to residents since they do not 
necessarily have to change jobs, leave existing support systems, or move to a largely 
unknown economy and social setting. The study found that people did in fact “vote with 
their feet” in responses to changes in pollution levels. They tended to move away from 
areas where pollution was increasing and towards areas where pollution had 
decreased. In addition there was also some evidence of average incomes falling in 
neighborhoods facing increased pollution and rising in neighborhoods where pollution 
was decreasing.46 Changes in property values were not studied. 
 
 

3. The Economic Benefits and Costs of Enforcing the Clean Air Act 
 
The Clean Air Act Amendments of 1990 required the United States Environmental 
Protection Agency (EPA) to periodically report to the Congress and the American 
people on the economic benefits and costs associated with the application and 
enforcement of those amendments to the Clean Air Act.47 EPA released its most recent 
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 “The Effect of Power Plants on Local Housing Values and Rents: Evidence from Restricted Census 
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economic analysis in March of 2011.48 That analysis looks only at the incremental 
impacts of the 1990 amendments. The benefits and costs associated with the passage 
of the Clean Air Act in 1970 and the 1977 amendments are not the focus on the 
analysis, only the additional regulations added in 1990. 
 
The study looked at the regulation of two types of particulate (PM 10 and PM 2.5), 
nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), ozone, and volatile 
organic compounds (VOC). The direct costs of implementing the more strict standards 
on the emissions of these pollutants were estimated based on the cost to firms to 
comply with the new limits. For 2010 this was projected to total $53 billion per year. Ten 
years later in 2020 the compliance costs was projected to be $65 billion per year. The 
national impacts on total economic output and labor productivity were estimated by 
reflecting these higher costs of production in a national economic model. 
 
The air quality benefits were measured by studying the damage that would have been 
done by the additional pollution that would have been released had the Clean Air Act 
not been amended in 1990. Air pollution is known to cause premature death due to 
heart and lung disease. It is also known to cause ongoing illness due to heat disease, 
non-fatal heart attacks, chronic bronchitis etc. (see M. Neidell, this report). These health 
impacts of high levels of pollution were expressed in monetary terms using earlier 
estimates by economists of the losses associated with premature death and reduced 
ability to work, go to school, or live an active life due to periodic illness. Health treatment 
costs including admissions to hospitals and emergency room were also included. These 
health costs that cleaner air avoided were substantial and dominated by the losses 
associated with premature death. In 2010 the Clean Air Act Amendments of 1990 were 
expected to avoid 160,000 premature deaths. By 2020 230,000 premature deaths are 
projected to be avoided.  The monetary cost associated with those premature deaths 
was projected by 2020 to total $1.8 trillion per year. The avoided costs of sickness 
associated with the reduced pollution were estimated to cost $77 billion per year. 
 
There are other pollution costs that were avoided. The emissions of sulfur can lead to 
acid rain that damages crops, forests, and lakes. The emission of nitrogen oxides can 
lead to deposition of reactive nitrogen that can disturb natural systems. Particulate 
emissions can cause light scattering that reduces visibility, eliminating scenic vistas and 
some of the value of outdoor recreation. The depletion of stratospheric ozone allows 
ultraviolet light to damage natural vegetative systems (see C. Grainger, this report). 
Finally air pollution can cause the deterioration of structures, equipment, and 
infrastructure, leading to higher maintenance costs or shorter lives for equipment and 
structures. All of these have been studied carefully over the years and economic 
estimates of that damage developed. These estimated annual avoided damages that 
would have been caused by pollution, projected to the year 2020, involved $11 billion in 
annual savings to agricultural and forest productivity, $8 billion in savings to ecological 
systems, $67 billion in savings associated with improved visibility, and $110 billion in 
avoided damage to materials. 
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 The Benefits and Costs of the Clean Air Act from 1990 to 2020, Final Report, U.S. Environmental 
Protection Agency, March 2011. 
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When the avoided health and non-health damages are summed, the avoided damages 
in 2010 were estimated to be $1.3 trillion. In 2020 the estimated damages avoided 
because of the Clean Air Act Amendments of 1990 would total $2 trillion. The 
discounted present value of the annual benefits from the Clean Air Act Amendments of 
1990 from 1990 projected to 2020 totaled $12 trillion using a 5 percent discount rate. 
The direct costs of implementing the required air pollution control measures had a 
discounted present value of $380 billion over that 30-year period. The benefits were 32 
times the size of the costs. Clearly the benefits justify the costs and the passage and 
enforcement of these air pollution control regulations is economically rational 
 
Some, however, may be worried that the higher costs to businesses would slow down 
the growth of the economy. But when both the costs of businesses complying with the 
Clean Air Act and the cost savings from the benefits of reduced air pollution are taken 
into account, overall economic growth is largely unaffected. Initially there is a very slight 
slowdown in the economy (0.2 percent) which approaches zero in 2015 and turns into a 
very slight positive impact in 2020 (+0.02%). So on net, economic well-being is 
substantially improved while the rate of commercial economic growth is hardly affected 
at all. 
 
 

IV. Economic Implications of Bad River Class I Air Quality Status for 
the Future Economic Vitality of the Surrounding Region 

 
 

1. Introduction 
 
Class I redesignation of the Bad River Reservation could impose limits on new or 
expanded single sources of significant air pollution. This section looks at existing 
sources of such pollution in the area around the Bad river Reservation and the air 
quality modeling of large new air pollution sources done for the Bad River Band’s Class 
I application (see H. Gephardt, this report). We seek to determine the likelihood that 
Class I redesignation of the Reservation would limit future expansion of economic 
activity in the region. 
 
First we look at the primary sources of air pollution in the region and the likelihood that 
new facilities of a similar character would be limited or prohibited by Class I 
redesignation of the Reservation. In that analysis we take into account the fact that 
about 25 miles to the west of the southwestern corner of the Reservation is the Rainbow 
Lakes Wilderness Area which is a “mandatory Class I” air quality area. Air pollution from 
new sources to the south and west of that wilderness area are likely to violate the Class 
I increments of the wilderness area first and have to reduce their pollution or not 
proceed with construction. Because of this, even if the Bad River Reservation is not 
redesignated as a Class I area, large new pollutions sources to the south and west of 
the Reservation and the Rainbow Lakes Wilderness Area. That is, the air quality 
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regulation that would constrain emissions would be those associated with that 
wilderness area rather than Class I air quality redesignation of the Reservation. 
 
We then explore what the role is of those existing polluting industries in the regional 
economy in which the Bad River Reservation in embedded, our three-county study 
area. We look at this in a dynamic context, asking how the more heavily polluting 
industrial sectors have performed in recent decades as sources of jobs and income. We 
also look at the present and the near future to see what industries are likely to be the 
sources of new jobs and income. Finally we look at the economic role of environmental 
quality and quality of life in supporting the economic competitiveness of the region 
surrounding the Reservation in the larger regional and national economies. 
 

2. The Largest Sources of Air Pollution in the Three-County Study Area 
 
We used the Wisconsin Department of Natural Resources’ data base on point sources 
of air pollution to determine the largest air polluters within 65 miles of the Bad River 
Band’s government offices and air monitoring station in the Odanah area.49 The air 
pollutants that are directly limited by Class I air quality standards are nitrogen oxides 
(NOx), sulfur dioxide (SO2) and particulates (both PM-10 and PM-2.5). We therefore 
focused our attention the emissions of these pollutants from facilities in the region 
surrounding the Reservation. The latest reporting year in this database was 2010.   
 
As the energy effects section of this report points out, polluting facilities that are closer 
to the Rainbow Lakes Wilderness Area than to the Reservation are likely to have their 
emissions limited by that mandatory Class I air quality area rather than by the 
Reservation’s Class I status: …[T]he modeling results suggest that a potential 
redesignation of the Bad River Band tribal lands to PSD Class I status would have tend 
to increase these constraints only for future energy and industrial development projects 
located closer to the Reservation compared to Rainbow Lakes.”50  
 
For that reason we excluded from our list of existing pollution sources within our 65 mile 
radius circle those sources that were closer to the Rainbow Lake Wilderness than the 
Bad River Reservation. Figure 15 below shows the line separating areas that are closer 
to Rainbow Lakes, areas to the left, from those areas closer to the Reservation. 
 
The nineteen largest sources of pollution within that 65-mile radius circle that are closer 
to the Reservation than to Rainbow Lakes are listed in Table 5 below. 
 
Only two of those facilities, the Xcel Energy Bay Front generating station along the 
shore of Lake Superior in the city of Ashland and the Flambeau River Paper plant in 
Park Falls 46 miles to the southeast of Odanah have emissions in the hundreds of tons 
per year range for one or more of the pollutants. Below those two facilities, emissions 
drop to below 25 tons per year at the Columbia Forest Products mill in Mellen about 20 
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http://dnr.wi.gov/air/   
50

 “Energy Impact Analysis in Support of Class I Redesignation Request, prepared for the Bad River Band 
of Lake Superior Chippewa, Air Resource Specialists, Inc., March 2012, p.4. 

http://dnr.wi.gov/air/
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miles south of Odanah. The next six facilities have emissions less than 10 tons per year 
and the remaining ten facilities have emissions of one or less ton per year. 
 

Figure 15 
 

 
 
  
 

 
Table 5 

 
 
 
Over half of these facilities have emissions that are one percent or less of the emissions 
of the top two emitters. Two-thirds have emissions one percent or less of the top 
emitter. Clearly most of these sources’ emissions would not have a significant impact on 

Facility Name City County Year NOX (tons/yr) PM10 (tons/yr) SO2 (tons/yr) Distance (mi)

Xcel Energy Bay Front Generating Station ASHLAND Ashland 2010 665 255 347 12

Flambeau River Papers, LLC PARK FALLS Price 2010 291 102 87.3 46

Columbia Forest Products-Mellen MELLEN Ashland 2010 14.5 24.0 1.64 19

Action Floor Systems, LLC. MERCER Iron 2010 5.08 11.4 0.571 43

North Country Lumber MELLEN Ashland 2010 5.41 8.17 0.603 19

Washburn Iron Works WASHBURN Bayfield 2010 0.018 5.26 0.030 13

Superior Kilns MELLEN Ashland 2010 3.30 3.25 0.371 19

Chequamegon School District PARK FALLS Price 2010 1.36 2.76 0.126 46

Georgia Pacific Corp: wood products PHILLIPS Price 2010 1.85 2.62 0.006 63

Bayside Timber Corporation ASHLAND Ashland 2010 1.40 10

C Reiss Coal Unloading ASHLAND Ashland 2010 0.004 1.06 0 12

Memorial Medical Center ASHLAND Ashland 2010 1.34 1.02 0.241 12

Birdseye Veneer Company BUTTERNUT Ashland 2010 1.39 0.755 0.152 41

Angelo Luppino Inc. general contractor HURLEY Iron 2010 0.534 0.238 0.130 21

Marquip, LLC. corrugated box & paper PHILLIPS Price 2010 1.21 0.086 0.002 62

Phillips Plastics Corp. Custom Division PHILLIPS Price 2010 0.547 0.042 0.003 63

Weather Shield, Inc. windows & doors PARK FALLS Price 2010 0.426 0.032 0.003 45

Xcel Energy-Flambeau Generating Station PARK FALLS Price 2010 0.338 0.032 0.053 46

North Central Power Company Inc. WINTER Sawyer 2010 0.267 0.007 0.004 55

Note: Emitters that were closer to the Rainbow Lakes Wilderness than to the Bad River Reservation were left off of the list.

Major Air Pollution Emitters within 65 Miles of Odanah, WI,  Bad River Reservation
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air quality on the Bad River Reservation even if they were located close to the 
Reservation.  
 
 

3. The Likelihood of Such Air Pollution Sources Violating Class I PSD 
Standards on the Bad River Reservation 

 
The air quality modeling results described in the energy effects section of this report 
confirms the fact that all but one of these facilities would not violate Class I PSD 
standards on tribal lands even if they were located adjacent to the Reservation.51 This 
suggests that several fairly large pollution sources could be sited immediately adjacent 
to the Reservation without violating the Class I air quality standard. The air quality 
modeling also indicated that locating a large coal-fired electric generating unit to the 
southwest in the Minneapolis area would not violate the Class I increments either on the 
Reservation or in the Rainbow Lakes wilderness Area which would be impacted first by 
such a pollution source. See the Energy Effects of the Proposed Class I Redesignation 
section of this report by H. Gephardt. 

If a set of electric generating facilities identical to the three Xcel Energy generating 
facilities currently located on Lake Superior in Ashland were to be added to that site or 
elsewhere along the boundary of the Reservation, the impact would be much larger 
than a modeled hypothetical biomass generator.  Because of their larger size and dirtier 
fuels, reproducing the existing generators would likely consume much of the PM10 24-
hour increment and have a much larger impact on the SO2 increments. But it is unlikely 
that a facility fueled by coal, petroleum coke, old tires, and railroad ties would be 
proposed and built at such a site in the future. The same can be said about a large coal-
fired generator to the west of the Reservation. Most plans to build new coal-fired 
generators have been abandoned by utilities because of regulatory uncertainty and the 
lower costs associated with building and operating natural gas fueled generators. Many 
older coal-fired generators are current being planned for retirement. Contemporary air 
quality expectations will limit the emissions associated with new industrial facilities. In 
addition, the evolving regional economy, as discussed above, now relies much less on 
such heavily polluting economic sectors. 
 

4. The Largest Employers in the Three-County Economic Study Area 
 
One way to put the traditional point sources of air pollution, the “smoke stack” industrial 
firms, in perspective relative to the overall Bad River Reservation area economy is to 
look at the largest employers in our economic study area. The Wisconsin Department of 
Workforce Development publishes a list of the top 25 employers, that is, individual 
organizations employing people, in each county as well as the top industries, that is, 
economic sectors, ranked by the number of jobs they provide.52 
 

                                            
51

 Ibid. 
52

 http://worknet.wisconsin.gov/worknet/jsprofile.aspx?menuselection=ed 

http://worknet.wisconsin.gov/worknet/jsprofile.aspx?menuselection=ed
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If we look at the top employers in each of the three counties of our economic study 
area, a total of 75 organization providing jobs, we find only seven of those top 
employers that are also listed by the Wisconsin Department of Natural Resources as 
needing air emissions permits as point sources of air pollution.53 The Xcel Energy 
generating facilities in Ashland is the largest point source of air pollution in the study 
area emitting several hundreds of tons each of NOx, PM10, and SO2. The employment 
at those generating plants (20 to 49 jobs), however, would not qualify as one of the top 
25 employers in Ashland County. The list of the top 25 employers in Ashland county 
ends with McDonalds of Ashland with 50 to 99 jobs. Electric generation, in general, is 
not a labor intensive undertaking. It involves a small number of highly skilled and highly 
paid workers. Xcel Energy also employs workers throughout Ashland County and the 
study area to maintain the electric distribution system that delivers electricity to its 
customers. Those jobs, however, would exist even if there were no electric generators 
located on the lakeshore in Ashland. 
 
The pollution source that is also one of the largest employers in the study area that had 
the highest air emissions in 2010, namely the Columbia Forest Products mill in Mellen, 
20 miles south of Odanah, had much lower levels of emissions, less than 25 tons per 
year each of NOX, PM10, and SO2.

54 The next large employer that had significant air 
emissions had 11 tons per year of less for each of these pollutants. Both of these were 
wood products mills. The other four larger employers listed as needing air emission 
permits had emissions of less than one ton per year of those pollutants except for the 5 
tons per year of particulate emissions from the Washburn Iron Works foundry. A non-
manufacturing facility, the Memorial Medical Center in Ashland, that was the fourth 
largest employer in the study area that required an air emissions permit, but its 
emissions were less than one ton per year of each pollutant. 
 
Six other manufacturing facilities were among the top employers in our study area but 
did not require air emission permits. Thus 12 of the 75 largest employers were 
“smokestack” firms but all but two of them did not have significant air emissions, and the 
two that did had emissions small enough to not consume hardly any of the Class I PSD 
increment. The largest source of air pollution, on the other hand, was the source of a 
relatively small number of jobs. 
 
The list of the largest employers in the study area is dominated by educational, health, 
government, retail trade and visitor services. The list provided by the Wisconsin 

                                            
53

 We combined the 25 largest employers in each county to form the list of 75 employers. These, of 
course, were not the top 75 employers in the study area since in the smaller counties, such as Iron, the 
list of the top 25 employers included smaller firms that would not have made the list in, say, Ashland 
County. 
54

 As Table 5 indicated there is a large pollution source outside of our three-county study area, the 
Flambeau River Papers mill in Park Falls in Price County, 46 miles south-southeast of Odanah. It emits 
close to a hundred tons per year of PM10 and SO2 and almost 300 tons of NOx. Its employment level is in 
the 250-500 range which would put it in the same ranges as the top three employers in our study area. Its 
annual level of emissions of various pollutants is similar in volume to the modeled hypothetical electric 
generator adjacent to the Reservation in Ashland. However, it is located 50 miles away from the modeled 
pollution source in Ashland. 
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Department of Workforce Development of the industries that provide the most jobs in 
our study area identify the same set of industries: government, education, eating and 
drinking establishments, accommodations, health care services, entertainment and 
recreation, and social assistance. In general, these large and growing sources of 
employment are not significant point sources of air pollution. 
 

5. Trends from the Past and Projections for the Future 
 
As discussed above, traditional industrial activities such as mining, forest products, and 
other manufacturing have not been sources of new jobs or labor income growth over the 
last four decades in the Bad River Reservation economic study area. Real labor 
earnings in manufacturing, for instance, have fluctuated between $70 and $110 million 
since 1969 and were at $85 million in 2009. See Figure 13 above. The same is true of 
manufacturing jobs. See Figure 8 above. Combining mining and agriculture with 
manufacturing gives us an approximation of the “traditional economic base.” Jobs and 
income in those sectors have also had no upward trend for forty years. See Figures 3 
and 4 above. Job and income growth in the three-county study area came from the 
services sectors (Table 2) as well as the growth of retirement and investment income 
(Figures 11 & 12). The sources of regional economic vitality over the last four decade 
have not been firms that are significant point sources for air pollution. 
 
Projections of future job growth by the Wisconsin Department of Workforce 
Development indicate that the employment trends of the past will continue for at least 
another decade in northwest Wisconsin.55 Those projections, released in 2011, cover 
2008 through 2018. They include the impacts of the Great Recession and the slow 
recovery from it. The projections are for manufacturing jobs to continue to decline 
overall but specifically in wood products, food, and machinery manufacturing.  
Manufacturing is projected to lose about 1,100 jobs. The primary source of job growth in 
the region is projected to be health services which will add 1,700 jobs. Visitor services 
and information, professional, and other services are expected to add another 1,000 
jobs. The remaining job gains are in government, transportation and public utilities56, 
and retail trade. Note that none of the jobs gains are associated with industrial activities 
that have a significant potential to be large point sources of air pollution. See Table 6 
below. In that sense Class I redesignation of the Reservation would not constrain 
manufacturing activity in the study area, other national and international economic 
forces are much more likely to be the constraint as they have for most of the last half-
century.  
 

 
 
 
 

                                            
55

 The “Northwest Wisconsin Workforce Area” includes the three counties in our study area plus seven 
additional Wisconsin counties surrounding our study area. 
56

 As discussed earlier, although “public utilities” include electric generation, the vast majority of jobs even 
in electric utilities are associated with maintaining electric distribution and transmission systems, customer 
services, metering and billing, administration, etc., not electric generation itself. 
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Table 6 

 
 

 
V. Thinking Analytically about the Local Economy and Local 

Economic Well-being:  The Limits of the “Export Base” View  
 
In the previous discussion we have emphasized the way the economies of the study 
area have been transformed by the expansion of the service sectors of the economy 
and the decline, in relative terms, of the traditional economic base. To many this will 
appear to contradict “economic logic” because most service sectors such as health care 
or local government are locally-oriented economic activities entirely dependent on the 
income brought into the local economy by the export-oriented economic base.  Because 
of the way that conception of what drives the local economy dominates discussions of 
local economies, it is important to understand the limits to that “export base” view of the 
local economy. We raised this issue at the beginning of this economic section. Here we 
explore it in more detail. 
 

1. Introduction 
 
Long before a minority of us ever take an economics class or read an economics text 
book, we all have been learning “economics” from our parents, grandparents, 
elementary school teachers, and neighbors. We are informally taught “tales of 
livelihoods” that explain to us how our families several generations back came to inhabit 
areas and made livings for themselves. This popular or folk economics tends to stick 

NAICS Industry Title

2008 2018 Change %Change % of Total

Estimate Projection within Job 

Industry Change

Total All Non-Farm Industries 68,200 70,380 2,180 3.2% 100%

1133, 21, 23 Construction, Mining & Natural Resources 3,130 3,270 150 4.5% 7%

31-33 Manufacturing 12,360 11,280 -1,080 -8.7% -50%

321    Wood Products Manufacturing 4,380 4,040 -340 -7.8% -16%

333    Machinery Manufacturing 1,800 1,730 -70 -3.9% -3%

311    Food Manufacturing 1,430 1,430 0 0.0% 0%

42,44-45 Trade 10,420 10,400 -20 -0.2% -1%

452    General Merchandise Stores 1,950 2,030 90 4.1% 4%

48-49,22 Transportation and Utilities incld USPS 4,210 4,360 140 3.6% 6%

52-53 Financial Services 2,180 2,220 30 1.8% 1%

61-62 Education & Health Services, including government 13,370 15,130 1,760 13.2% 81%

611    Educational Services, including government 5,850 5,930 80 1.4% 4%

623    Hospitals including government 2,120 2,480 360 17.0% 17%

71-72 Leisure and Hospitality 7,960 8,430 470 5.9% 22%

51,54-56, 81 Information, Professional, & Other Services 6,690 7,170 480 7.2% 22%

Government excluding educ, health, postal 7,880 8,130 250 3.2% 11%

Source: Wisconsin Department of Workforce Development, Office of Economic Advisors, April 2011

  Includes the counties of Ashland, Bayfield, Iron, Burnett, Douglas, Price, Rusk, Sawyer, Talyor, and Washburn

Jobs

Industry Employment Projections, Northwest Wisconsin Workforce Area, 200802018
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with us just as other cultural values and traditions do. It simply becomes part of the way 
we look at the world and, in this case, think about the local economy. 
 
One almost universal element of that popular economics is what economists have 
labeled an export base view of the local economy. In northern Wisconsin it focuses our 
attention on forest products, agriculture, potential metal mining, and manufacturing tied 
to these land-based activities. This view is called an export base view because it 
focuses on the economic activities in which the local population specializes, producing 
more than it needs for its own consumption, and exports the surplus to the rest of the 
national or international economy. Those exports are seen as bringing money into the 
local economy from outside. That money then can circulate within the local economy 
putting people to work in locally-oriented economic activities and facilitating the import 
of vital goods and services that could not easily or economically be produced locally. 
Unless the local residents want to live a self-sufficient non-monetary, subsistence way 
of life, those exports and the resulting income flows into the economy from outside 
sources are seen as necessary for a modern, vital economy.  In that sense those 
export-oriented activities are seen as the region’s economic base: the economic energy 
driving the rest of the local economy. 
 
Most regions have an export-oriented story similar to northern Wisconsin’s about the 
traditional economic activities that brought people to and held people in any given 
region: dairy farms in southern Wisconsin, forest products and metal mining in northern 
Wisconsin and the Upper Peninsula of Michigan, automobiles in Detroit, corn in Iowa, 
wheat and cattle on the Great Plains, timber and hydroelectric power in the Pacific 
Northwest, coal in Appalachia, etc. 
 
No widely held popular understanding of this sort could have become established and 
persisted for as long as it has unless it had an important element of truth to it. In the 
context of the European-American settlement of a continent depopulated of its 
indigenous population by disease and warfare, the export base view was largely 
accurate in depicting how surviving Native Americans and European-American settlers 
were able to move from subsistence activities and homesteads on a “wilderness” 
frontier to a prosperous commercial economy. Whatever its historical accuracy, 
however, it is important to ask whether that original 19th and early 20th century economic 
insight is a sufficiently accurate guide for understanding a modern 21st century 
economy. We will assert below that the export base view of the local economy is now 
seriously incomplete and needs to be supplemented in several ways so that we can 
accurately look at the total economy and all the sources of local economic well-being 
when developing public economic policies. 
 

2. Completing Our Analytical View of the Local Economy: The Total Economy 
 
There are three additional important economic insights that have to be integrated with 
the export base view to provide a complete and accurate view of the local economy: 
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 The export base view focuses only on what creates a local demand for workers. 
In that sense it ignores the other half of the twin blades of supply and demand 
that make up the “economic scissors” of economic forces that determine 
economic outcomes. In particular, the economic base view ignores the important 
role that the local supply of labor plays in encouraging the expansion of local 
economic activity. 

 

 The export base view focuses only on commercial goods and services sold in 
markets in exchange for money. It ignores non-commercial, non-market sources 
of scarce and valuable goods and services that support and facilitate commercial 
activities and contribute to local economic well-being such as clean air and water, 
low threats of crime to person and property, quality of schools, public parks and 
other natural areas, etc. 

 

 The export base view, as the name makes clear, focuses on exports as the sole 
determinant of local economic vitality. Its message is that “only exports matter.” 
We need to understand that locally-oriented economic activity is not a passive, 
unimportant or “secondary” aspect of the local economy. By capturing, holding, 
and re-circulating income that comes into the local economy, a web of locally-
oriented economic activities create the “multiplier” impacts associated with 
exports and other income injected into the local economy and determine the size 
of those “multiplier” impacts. 

 
i. Incorporating Labor Supply into Our View of the Local Economy 

 
The export base view focuses on the commercial forces that draw workers and 
population to a particular area. What are the export-oriented activities the local area can 
support and thus create a local demand for workers? In a frontier economy these are 
likely to be land-based economic activities such as agriculture, mining, and timber 
harvest as well as the processing of these land-based products.  That narrative has a 
compelling historical ring to it. But most economic activities in the 21st century are not 
land-based.  
 
The total of all jobs in agriculture, mineral extraction, metal ore processing, and forest 
products represents only about 3.5 percent of total jobs in the American economy and 
5.2 percent of all jobs in Wisconsin in 2010.57 Clearly we cannot explain the location of 
economic activity across the American landscape or in Wisconsin on the basis of this 
tiny sliver of the total economy. We also have to be able to explain why non-land-based 
economic activity locates where it does. 
 
Even if we stick with a focus on export-oriented economic activities as the engine 
driving a local economy, we are still left with the question of why a particular export-
oriented firm chose to locate where it did. If we cannot explain that, we have not really 

                                            
57

 Agriculture, agricultural services, fishing, forestry, mining (including oil and gas), wood products, paper, 
and primary metals. U.S. Department of Commerce, BEA, REIS data base. 
http://www.bea.gov/regional/spi/default.cfm?selTable=SA25N&selSeries=NAICS  

http://www.bea.gov/regional/spi/default.cfm?selTable=SA25N&selSeries=NAICS
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explained what the economic forces are supporting the local economy. For instance, 
much of light manufacturing (computer assembly, chip manufacturing, appliance 
manufacturing, etc.) as well as export-oriented services (publishers, information 
businesses, financial services, technical support, professional services, etc.) are 
relatively “foot-loose” in terms of where they locate. The fertility of the land, minerals in 
the ground, commercially valuable natural vegetation including livestock forage and 
forests are unlikely to provide an explanation for why most of the firms found in 
Wisconsin’s northern metropolitan areas such as Eau Claire, Wausau, Green Bay, 
Superior-Duluth, or the Wisconsin Counties associated with the Minneapolis 
metropolitan area (Pierce and St. Croix) located where they did. For that reason, the 
export base view of the economy provides only limited insight into the local sources of 
economic vitality. 
 
Economic activity locates in particular areas for a wide variety of reasons but two 
considerations are almost always important: First, the availability of a sufficiently skilled 
workforce at an affordable cost and, second, access to the markets for the firm’s 
products at an affordable cost. The geographic distribution of the population and 
people’s preferences for where they would like to live influence both of these. 
Businesses cannot afford to ignore either of these: markets and the cost of reaching 
them and adequate labor supply at a reasonable cost are central to any business. 
 
The export base view of the world implicitly assumes that people do not care where they 
live. People are assumed to passively go to where the jobs are because they have no 
choice if they want to be employed and their families to prosper. But in the 21st century 
continent-wide American economy, individuals and families do have a choice as to 
where they chose to live. They face a broad range of economic opportunities mixed with 
an equally broad range of regions and communities that, in turn, have a broad range of 
attractive and unattractive characteristics that are unrelated to job availability and pay. 
Individuals and families can make choices and tradeoffs that mix labor market 
opportunities and pay with other local characteristics such as commitment to place, 
quality of schools, crime rates, levels of congestion, intensity of social conflict, pace of 
life, familiarity, cultural variety, recreation and cultural opportunities, etc. 
 
Areas that have mixes of qualities that make it easy for those areas to attract and hold 
residents will have a relatively large, diverse, and skilled workforce available at a 
somewhat lower price. Alternatively, such areas can get workers to move to the area 
without wages being bid up significantly. That makes such areas attractive to 
businesses. The fact that businesses are run by people who also have preferences 
about where they and their families live, only adds to the economic importance of a 
community’s attractive qualities. To the extent the dynamic between the attractiveness 
of a community to new residents and businesses has triggered ongoing economic 
development, local markets for goods and services will also be expanding, increasing 
the economic attractiveness of the area to firms. 
 
In Iron County, the Community Resource Development educator has helped organize a 
program called “Next Generation: Attracting and Retaining Young People.”  The 
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program aims at encouraging more of the young people to stay in or return to Iron 
County by emphasizing the quality of life characteristics of the area, both community, 
recreation, and environmental. The program recognizes that if the younger generation 
primarily leaves the area and the population ages in place, it becomes harder and 
harder to retain and attract new businesses, small or large. That can create a vicious 
economic cycle of decline.58 
 
In brief, labor supply and its cost and the location of population concentrations matter to 
businesses. Areas that attract high quality workers at a relatively low price will, in turn, 
be attractive to business firms. Ignoring labor supply and focusing only on labor 
demand, as the export base view does, is inappropriate economic analysis. As in most 
components of a market economy, both supply and demand matter. 
 
It is important to keep in mind that conceptually, we do not have to choose between the 
export base view of the economy and the residential location choice view. These two 
views encompass between the two of them the two primary market forces of supply and 
demand. We should be careful to consider both. The relative importance of labor supply 
and labor demand can be expected to shift over time and vary across geographic areas. 
At any particular location at a given time, the relative importance of these two sets of 
forces is an empirical matter. Local economic development policy, however, may 
choose to focus strategically on some elements of one or both of these sets of 
economic forces.    
 

ii. Looking at All Sources of Economic Value Including Non-Market Economic 
Values 

      
Place matters to people. This is obvious when it comes to the Bad River Reservation 
and other Native American homelands where the cultural, social, and historical 
connections with a particular place are central to many Band members’ residential 
location decisions. But the same is true to a lesser degree to most residents or potential 
residents. 
 
The economic dynamic described above has been called amenity-supported local 
economic development. This economic potential in some ways is the opposite of the 
economic force that the export base view of the economy emphasizes. Within the export 
base view, people move to where the jobs are. Within the amenity-supported economic 
development model, economic activity follows the residential preferences of the 
population. Economic activity shifts in this way because the existence of local amenities 
provides businesses with access to a lower cost skilled labor force and to markets for 
their goods and services. In essence, because workers and families value local 
amenities, they are willing to sacrifice a certain amount of income to gain access to 
those site-specific qualities. They accept lower wages than they could earn in less 
attractive locations as an effective “price of admission” to what potential residents judge 
to be a more valuable set of local qualities. The total real income being received by 
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Will Andresen, Iron County University of Wisconsin Extension. 
 http://iron.uwex.edu/community-development/  

http://iron.uwex.edu/community-development/
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residents comes in two parts: The value of the conventional paycheck and the value of 
the site specific amenities to which living in that location provides access. The value of 
those local amenities provides residents with a “second paycheck.” 59 
This is not a new way of looking at the local economy. Since the mid-1950s economists 
have emphasized the importance of residential location decisions as a powerful 
economic force. They focused on the role of local environmental “amenities” such as 
climate and natural landscapes in the settlement of the desert Southwest (including 
Arizona, New Mexico, and Southern California), Florida, and the Pacific Northwest.60 At 
about the same time other economists underlined the fact that people “shop around” for 
the social amenities produced by different levels of local government taxation and 
different public spending patterns such as on schools, parks, and roads.61  Given the 
role of active choice over residential location, economists concluded that in a mobile, 
open economy, it would be an area’s ability to attract and hold a labor force without 
bidding up labor costs that would determine the geographic distribution of economic 
activity.62  
 
A half-century of economic research has underlined the important role that non-
commercial, non-market goods and services can play in contributing both to the 
economic well-being of individuals and households as well as to the economic vitality of 
communities. Some of these non-market economic values are human-created. Others 
are gifts of nature, flowing as they do from well-functioning natural systems. All of them 
are often encompassed in the larger concept of “quality of life” or “local amenities.” 
 
The social environment is the source of some of the most important of these non-market 
economic values including among other things:  
 

 a legal system and the rule of law that establishes the context for productive 
private economic activity, 

 protected air and water quality, watersheds and water supplies, 

 public health and safety protection including waste treatment, 

 education from preschool through graduate school, 

 public transportation networks including our road and highway systems 
                                            
59

Ed Whitelaw at the University of Oregon and with ECONorthwest coined that phrase. Local economies 
can be a bit more complicated than this. As the local economy expands, limited supplies of land for 
commercial and residential development can result in land value increases and both the cost of living and 
the cost of doing business rising. This can ultimately work to stabilize community size limiting that location 
to those for whom it is the most productive site for a business and to those residents who most highly 
value the qualities of that location. The higher cost of living will reduce the purchasing power of local 
wages and residents will pay an effective access fee in the form of lower real (cost of living adjusted) 
wages. To the extent that the available land base is not a serious constrain on ongoing development, the 
effective price residents pay to gain access to the qualities associated with that location are likely to be 
reflected in the lower pay they accept compared to what they could earn in less attractive locations. 
60 Ullman, Edward, 1954, “Amenities As a Factor in Regional Growth, Geographic Review, 44(1):119-

132.  
61

 Tiebout, Charles, 1956, “A Pure Theory of Local Expenditures, Journal of Political Economy, 
64(2):160-164. 
62 Borts, G.H., and J.L. Stein, 1964, Economic Growth in a Free Market, New York: Columbia 

University Press  
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 providing security from crime against persons and property, 

 land use regulation to protect neighborhood livability and reduce congestion, 

 provide parks, open space, and public outdoor recreation opportunities, 

 protect wildlife and wildlife habitat as well as traditional subsistence goods, 

 provide a safety net for families in crisis. 
 
Most citizens recognize that all of these are valuable to them and their families, 
enhancing their personal well-being, as well as valuable to the overall economy, 
boosting its productivity and vitality.  
 
But non-market goods and services do not just flow from government units and non-
profit organizations, they also flow from the natural environment and, because of the 
role of governments and non-profit organizations in protecting the natural environment, 
there is some overlap in categorizing these valuable, non-market but economic, goods 
and services. These non-market economic values flowing from natural systems and 
landscapes have come to be called environmental or ecosystem services. They are the 
basis for much of the contemporary concern about degrading environmental values. 
The better known of those environmental services at risk include: 
 

 clean air and water, 

 natural landscapes accessible for dispersed outdoor recreation and subsistence 
activities, 

 wildlife, hunting, and fishing, 

 scenic beauty, 

 climate stabilization, 

 storing and stabilizing water flows, 

 cultural and spiritual support, 

 complex biological and chemical process that support the web of life on which we 
all rely. 

 
Again, most people would agree that all of these contribute relatively directly to their 
well-being and to the attractiveness of their communities as places to live, work, and do 
business. Just because the goods and services that come from natural systems or 
government units are often described in terms of their contribution to the “quality of life,” 
that does not make them “non-economic.” As the discussion above documented, local 
“quality of life” matters to people, the pursuit of it changes the location of economic 
activity, and protecting or enhancing local quality of life is often a central focus of local 
economic development strategies. The goods and services flowing from natural 
systems contribute directly to human well-being and become scarcer as natural systems 
and landscapes are degraded. For that reason, even though they are not provided by 
commercial businesses or directly traded in commercial markets, they have an 
important economic aspect to them. 
 
Over the last several decades economists have carried out thousands of economic 
valuations of various non-market goods and services. One major focus has been on 
outdoor recreation, especially on federal lands. A recent summary of the results of those 
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studies was published by the U.S. Forest Service. Table 7 is taken from the compilation 
of the results of this literature survey. These results are presented for illustrative 
purposes, to simply indicate that the non-market values we are talking about can be 
substantial. It should be emphasized that although it is often convenient to quantify non-
market economic values in dollar terms that is not the only way that benefits and costs 
can be accounted for before making a public resource decision. Putting dollar values on 
non-market goods and services is convenient because then those non-market values 
can be directly compared to the market value, for instance, associated with the 
production of paper products, iron ore, of building materials. Such quantification, 
however, can be costly in terms of both time and money since it often requires very site 
specific survey information. In addition, although most people recognize environmental 
damage as a real cost that decreases well-being and may negatively impact local 
economic vitality, many of those same people find expressing that environmental 
damage in dollar terms at best unconvincing and confusing and at worst inappropriate 
or ethically wrong.  
 
 

Table 7 

 
 
 
A thorough analysis of all benefits and all costs, that is, a review of the total economic 
impact or the net economic impact, can be carried out without putting all the values at 
issue in dollar terms. Environmental risks of significant economic concern can be 
evaluated in physical terms that quantify the degree of damage, the geographic extent 
of the damage, and the level of public concern about that damage. 
 
 

Type of Outdoor Recreation Activity Number of Number of Average

Studies Estimates Value

(2004 $s) (2004 $s) (2004 $s)

Backpacking 1 6 $52.10 $26.82 $80.34

Birdwatching 4 8 $29.60 $5.80 $78.46

Camping 29 48 $37.19 $2.03 $224.53

Fishing 129 177 $47.16 $2.08 $556.82

Floatboating/Rafting/Canoeing 20 81 $100.91 $2.70 $394.82

General Recreation 15 39 $35.10 $1.42 $257.51

Hiking 21 68 $30.84 $0.40 $262.04

Horseback Rding 1 1 $18.12 $18.12 $18.12

Hunting 192 277 $46.92 $2.60 $250.90

Mountain Biking 7 32 $73.78 $20.86 $295.69

Off-Road Vehicle Driving 4 10 $22.92 $5.24 $40.86

Picnicking 8 13 $41.46 $8.94 $142.74

Pleasure Driving 4 11 $59.23 $3.02 $167.74

Rock Climbing 4 27 $56.26 $26.62 $135.82

Sightseeing 15 28 $36.84 $0.65 $209.77

Swimming 11 26 $42.68 $2.20 $134.34

Wildlife Viewing 69 240 $42.36 $2.40 $347.88

Other Recreation 15 16 $48.70 $5.71 $206.82

Source: "Updated Outdoor Recreation Use Values on National Forests and Other Public Lands," John Loomis, Table 1

               U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station, PNW-GTR-658, 2005.

Range of Estimates

Recreation Benefits Studies, 1967-2003

Average Economic Value Per Person Per Day--Consumer Surplus
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iii. Capturing, Holding, and Circulating Income in the Local Economy 
 
We return to a discussion of how the modeling of the local economic impacts has to 
move beyond an “only exports matter” point of view. Most economic impact modeling, 
implicitly takes that point of view, effectively dismissing the bulk of local economic 
activity as “secondary” or “passive.” It is important to recognize this as an economic 
error. Above we discussed in some detail the failure of a conventional export base 
modeling approach to explain the actual economic vitality of the area. Here we focus on 
the important economic role of locally-oriented economic activity in boosting the local 
economy. 
 
Exports by themselves do not create a local economy. On the North Slope of Alaska 
billions of dollars’ worth of oil has been produced but there is almost no “local economy” 
on the North Slope. The value of that oil and the wages earned producing it all flow to 
other areas at a great distance from the North Slope, i.e. to where people actually live 
and where there is the commercial infrastructure in which that income can be spent. 
This is an extreme example, but forest products, farm, and mining towns that grew up 
around a primary export often had similar limiting characteristics: the income generated 
by the exports often primarily went to fund imports. That is, the income from the exports 
almost immediately “leaked out” of the region. That is why many of these towns became 
the equivalent of ghost towns as demand for the exports declined or technological 
change reduce the size of the workforce needed to produce the exports. Empirical 
economic analysis of the impact of natural resource activities in rural areas confirms 
that the multiplier impacts associated with natural resource extraction activities in 
contemporary rural areas can be nearly zero.63 In other words, most of the money that 
is created from the natural resource activities in isolated rural areas leaves the area 
where those activities actually took place. 
 
The actual size of the impact of an export activity on the local economy is determined by 
the interaction of two sets of local economic characteristics: The size of the flow of 
income into the local economy from the outside and the web of local economic 
interconnections among residents that captures and circulates that income among 
businesses and households. The “multiplier” impacts associated with export income is 
determined by that ability to capture and circulate income locally. It is the local web of 
specialized and interdependent businesses and households that actually make up the 
local economy. Without those locally-oriented businesses there can be enormous export 
flows but only a primitive local economy. 
 
Both export-oriented and locally-oriented businesses contribute to the vitality of the local 
economy. It can be a serious economic error to ignore either of these two sides of the 
local economy. 
 

                                            
63

 “A Test of the Economic Base Hypothesis in the Small Forest Communities of Southeast Alaska,” Guy 
C. Robertson, U.S. Department of Agriculture, Forest Service, Pacific Northwest  Research Station, 
General Technical Report, PNW-GTR-592, December 2003.  
http://www.fs.fed.us/pnw/pubs/pnw_gtr592.pdf  

http://www.fs.fed.us/pnw/pubs/pnw_gtr592.pdf
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These three factual and commonsense additions to the traditional folk economics’ 
exclusive emphasis on land-based and heavy industrial exports makes clear that there 
is another important set of economic forces that shape our local economies. In contrast 
to the export base set of forces, this other set of economic forces can appropriately be 
labeled an environmental view of the local economy. Attractive characteristics of 
communities and their surrounding landscapes, local amenities, draw and hold workers 
and their families as well as retirees. Businesses are also attracted by the somewhat 
less expensive high quality work force available as well as by the amenities themselves. 
This expands the level of local economic activity and leads to cycles of investment and 
spending that contribute in an ongoing way to local economic vitality. That set of forces 
is outline in Figure 16 below.  
 
 

 
 
 
 
 
 
 
 
 
 

Figure 16: An Environmental View of the Economy: The pursuit of high-quality living environments 
causes a shift in the location of economic activity and stimulates local economic vitality.  
 

 
 

VI. Conclusions 
 

The conceptual and empirical analysis above supports the following conclusion with 
respect to the economic impact of the Bad River Reservation being redesignated as a 
Class I air quality area: 
 

1. A half-century of research has demonstrated that protecting and improving 
air quality protects health, reduces premature death, enhanced local 
quality of life, boosts local property values, and otherwise enhances 
local economic well-being as well as local economic vitality. 

 
Air quality is not primarily a matter of aesthetics although it is that too. Air pollution has 
serious health consequence that lead to chronic illness and premature death. It 
degrades water quality and impacts natural systems threatening wildlife and outdoor 
recreation activities. It damages infrastructure, equipment, and buildings increasing 
maintenance costs and decreasing the working life of property. Ordinary citizens act to 
avoid higher levels of air pollution by avoiding areas with higher levels of pollution, 
driving property values down in those areas and depressing local economic vitality. 
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2. The available evidence indicates that Class I air quality designation and 
other efforts to protect and enhance air quality, while improving local 
health and economic well-being, do not damage local economic vitality. 

 
The Clean Air Act imposed Class I air quality status on many local areas around the 
nation, namely those areas with National Parks and National Wilderness Areas. 
Besides the restrictions on “significant deterioration” of air quality associated with Class 
I status, National Parks and Wilderness Areas also have many other environmental 
restrictions placed on their use and management in order to protect their natural 
qualities indefinitely into the future. If such more strict environmental regulation 
damages local economic vitality, we should see it in the local economies associated 
with these protected natural areas.  
 
In fact, there is no evidence that these more stringent air quality regulations reduced 
local economic vitality in the surrounding areas.  Quite the contrary, National Park and 
Wilderness counties demonstrate above average economic vitality. In addition, studies 
of the application of the Clean Air Act to move local areas into compliance with air 
quality standards also do not suggest that such areas’ economic vitality has been 
retarded or damaged by the air quality restrictions and improvements in local air quality.  
 

3. Structural change in the Bad River Reservation area economy has decreased 
the likelihood that Class I air quality redesignation would limit economic 
development in the Reservation area. 

 
The analysis in this economic impact section documents a major shift in the structure of 
the economy in which the Bad River Reservation is embedded. Paper, wood products, 
logging, and other manufacturing jobs have fluctuated around the same level for four 
decades while the rest of the economy grew significantly. As a result, those 
manufacturing jobs fell from providing 20 percent of all jobs to providing 8.5 percent of 
jobs. That is, the relative importance of paper, wood products, logging, and other 
manufacturing fell to about 40 percent of what it previously had been. The relative 
importance of manufacturing payrolls as a source of income also fell to about 40 percent 
of what it had been forty years earlier. The trend in the relative importance of heavy 
manufacturing in the area has been steadily downward for over four decades.  
 
Given this 40-year decline in the relative importance of heavy manufacturing activity in 
area, it is highly unlikely that there will be a major expansion in manufacturing activity in 
the study area with or without the redesignation of the Reservation to Class I status. In 
that sense Class I redesignation of the Reservation would not constrain manufacturing 
activity in the study area, other national and international economic forces are much 
more likely to be the constraint as they have for most of the last half-century. Class I 
redesignation could limit significant increases in air pollution from individual 
manufacturing firms in areas adjacent to the Reservation. That, of course, is the purpose 
of Class I air quality status.  
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4. That same economic transformation of the Reservation area economy has 
also increased the value of clean air to local economic vitality while 
decreasing the likelihood that those higher air quality standards would 
constrain local economic vitality. 

 
The ongoing economic vitality in the area has been led by the expansion of economic 
activities with relatively low point source air pollution: professional and technical 
services including health services, resorts and other visitor services, local government, 
etc. The study area has also been attracting both working-age and retirement-age in-
migrants, drawn to the area by its social and natural amenities. A high quality 
environment also encourages visitors to travel to the area or locate vacation homes 
there for recreation purposes. Local economic vitality has also been supported by 
families that have chosen to live in one county while working in another. Protecting and 
enhancing air quality improves the area’s quality of life and its attractiveness as a place 
to live, visit, and engage in economic activity. In that sense protecting air quality in the 
Reservation area, assists economic development efforts. 
 

5. Class I air quality redesignation on the Bad River Reservation will not 
constrain economic development in the surrounding area. 

 
Air quality modeling done in support of the Bad River Band’s proposed Class I air 
quality designation has demonstrated that a large air pollution source located adjacent 
to the Reservation would not violate the Class I air quality increments on the 
Reservation.   
 
In addition, most of the existing manufacturing facilities in the study area have quite 
modest emissions, far lower than the emissions of the hypothetical biomass-fueled 
electric generator that for modeling purposes was assumed located adjacent to the 
Reservation in the city of Ashland. The forest products firm in the study area with the 
highest particulate emissions, the Columbia Forest Products Mill in Mellen, 20 miles 
south of Odanah, emitted about two-thirds of the particulate associated with the 
modeled biomass generator. All the other existing forest products firms in the study area 
had much lower air emissions for all of the controlled pollutants. In addition, new forest 
products facilities would likely deploy new technologies that would be less pollution-
intensive than older existing operations. For all of these reason, it is unlikely that the 
limited Class I increments available under Class I Reservation status would hinder the 
expansion of the type of manufacturing activity similar that already is found in the region 
surrounding the Bad River Reservation. 
 
The study area has significantly diversified its economy away from primary reliance on 
the natural resource and heavy industrial processes that in earlier decades made up its 
economic base. Such potentially polluting industrial sectors have been in decline in the 
region for many decades. The local economic base is increasingly tied to professional 
and technical services, including health services, education, local government, and a 
growing visitor economy. In addition, the low air emissions of the many existing 
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manufacturing facilities located in the study area demonstrate that manufacturing 
expansion is compatible with clear air.  
 
Because of these changes in the structure of both the American economy and the 
economy of the region surrounding the Bad River Reservation, the conclusion reached 
by the Forest County Potawatomi Community on the likely impact of Class I air quality 
redesignation for its reservation on industrial development in the surrounding area also 
would apply to the Bad River Reservation Class I redesignation: “The development of 
large industrial projects will very likely be effected more by economic viability, external 
market conditions, and other existing local environmental and land use restrictions than 
by the Class I redesignation.” 64 The US Environmental Protection Agency (EPA) cited 
this conclusion in support of its final rule approving Class I redesignation for that 
reservation.65 
  

                                            
64

 Forest County Potawatomi Community PSD Class I Area Redesignation Technical Report, p. 56  
65

 Federal Register Vol. 73, No. 83, April 29, 2008, pp. 23086-23101, p. 23091.. 
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Resource Overview 

 Just as ambient air pollution has important and widespread implications for human 

health, the health of an ecosystem hinges critically on local air quality. Changes in ambient 

concentrations of air pollution can impact individual organisms, populations and the overall 

ecosystem through both direct and indirect causal pathways (EPA, 2011).  The principal 

objective of Class I status is to limit the allowable increases in regulated pollutants to 

approximately one-tenth the increase currently permissible.  Because Class I air quality 

designation could prevent the significant deterioration of local ambient air quality on the Bad 
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River Reservation, it is important to consider the potential effects of such policy implementation 

on the healthy, productive, local ecosystem and its natural resources.  

There are many channels through which air quality affects natural resources, and 

quantifying the ecosystem and resource impacts of a change in air quality is notoriously 

challenging (EPA, 2011). Ecosystems are dynamic and air pollution impacts are widespread 

when they occur.   The interactions of ecosystems with air pollution are, therefore, complex. 

Airborne pollutants directly affect soil and water acidity through deposition, while vegetation 

growth rates and health can be affected through more indirect channels, such as the formation of 

ozone (EPA, 2011). The buffering capacity of freshwater bodies can be impacted directly by 

acidic deposition (e.g. Lozovik et al. 2007), while species such as walleye (Sander vitreus) can 

be impacted directly (e.g. inability to reproduce at low pH levels; see the overview in Bozeket al. 

2011) and indirectly (through a decreased ability to cope with other environmental stressors due 

to increased mercury loading; Jenson, 1988). The reviewed literature indicates that air pollution 

can have numerous and substantial impacts on the overall health of environmental resources and 

ecosystem services. By describing those impacts and analyzing local resource conditions, this 

chapter provides an overview of the potential environmental effects of Class I air quality 

redesignation on the Bad River Reservation.  

 The extent and diversity of the Reservation’s resources, as well as its location along the 

south shore of Lake Superior, make the Reservation resources critical to the Great Lakes region. 

The 124,760 acres include a complex system of forests, wetlands, lakes and rivers. Wetlands 

cover more than a quarter of the Reservation and comprise over half (~55%) of Lake Superior 

coastal wetlands in Wisconsin. Among the most diverse and extensive wetlands of the 

Reservation are the Kakagon and Bad River Sloughs (hereafter, the Sloughs), a 16,000 acre 
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estuarine complex along the south shore of Lake Superior. In 2012, the Sloughs were recognized 

as a wetland of international significance under the RAMSAR Convention and, that same year, 

received the Blue Globe Award for North America from the World Wetland Network.  

Additional formal recognitions of the Sloughs include a Wisconsin Land Legacy Place, a Nature 

Conservancy Priority Conservation Area, and a National Park Service National Natural 

Landmark.       

 In addition to hosting critical habitat and biodiversity, important sources of subsistence 

are provided by this natural system. Wild rice (Zizania palustris) is an aquatic plant of particular 

significance. As described by Nesper and Quick (this report), wild rice represents a foundation of 

intergenerational practices, social connectivity, nutritional health, and spiritual resilience.  It is 

also a critical source of seasonal nutrition for wildlife, especially migratory birds and waterfowl.  

Through wild rice and other natural resources, the Reservation provides critical stopover habitat 

for migratory and partially-migratory birds including the American Bittern (Botaurus 

lentiginosus), Black Duck (Anas rubripes), Bald Eagle (Haliaeetus leucocephalus), and Long-

Eared Owl (Asio otus) (EPA 2009). Likewise, the Sloughs, rivers, and streams supply nursery 

habitat for native and sport fish such as lake sturgeon (Acipenser fulvescens), walleye and yellow 

perch (Perca flavescens; Wisconsin Wetlands Association, 2010). 

Because of the interconnectedness of these regional ecosystems, environmental effects on 

Bad River’s resources are likely to result in ancillary benefits for the region. For instance, 

redesignation would be expected to prevent the deterioration of nearby resources, such as those 

on the Apostle Islands and in Chequamegon Bay. The Apostle Islands are the spiritual home of 

the Lake Superior Chippewa (Paprock and Paprock, 2001) and consist of 22 islands off the 

Bayfield Peninsula. The Islands are important for local tourism and recreation, and the region 
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provides important habitat for black bears and many species of birds. The Islands are dominated 

by boreal forests of white spruce (Picea glauca), paper birch (Betula papyrifera), balsam fir 

(Abies balsamea), white cedar (Thuja occidentalis), white pine (Pinus strobes), balsam poplar 

(Populus balsamifera) and quaking aspen (Populus tremuloides).
1
 Several of these prominent 

forest species inhabiting the region are sensitive to ozone and acidic deposition, as will be 

discussed later in this chapter.  

 

Chapter Organization 

The remainder of this chapter is organized by pollutant, highlighting the plausible 

impacts of further degradation of air quality on Bad River’s natural resources. The U.S. 

Environmental Protection Agency (EPA), in its assessment of the Clean Air Act Amendments, 

points to several examples of interactions at different spatial scales (US EPA 2011). Changes in 

air pollution have been demonstrated to impact all levels of organization, from molecular and 

cellular levels to regional–scale systems such as watersheds. This report follows that 

organization, where possible, to highlight the diversity of these effects and the broad scope of 

potential environmental impacts. This chapter will consider the following primary areas related 

to the impact of air pollution on local natural resources, focusing on impacts of pollutants 

regulated by the Clean Air Act Amendments: 

1) Acidic deposition 

2) Nitrogen deposition 

                                                 
1
 A description of the Apostle Islands, including animal and plant species present in the area, is 

available on the National Park Service website: 

http://www.nps.gov/apis/naturescience/index.htm. 

http://www.nps.gov/apis/naturescience/index.htm
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         ⟶       

   

    

3) Tropospheric ozone 

4) Hazardous air pollutants 

 

Acidic Deposition 

Acidic deposition (both “wet” and “dry”) is among the most serious environmental 

problems facing many regions of the world. The predominant acids, sulfuric acid (H2SO4) and 

nitric acid (HNO3), are formed during the transport of air masses containing the primary 

pollutants: atmospheric sulfur dioxide (SO2) and nitric oxide or nitrogen dioxide (NOx). Both are 

precursors to acidic precipitation, or “wet” deposition (Baird and Cann, 2008). These processes 

can be represented through the following formulas: 

 

 

Acidic precipitation can result in significant, ecologically-damaging consequences 

through a number of direct and indirect pathways capable of impacting the natural resources on 

the Reservation and surrounding areas. Direct pathways include the toxic effects of 

atmospherically derived chemicals on plant tissues and function.  As an example, vegetation 

experiencing a prolonged exposure (i.e. ≥ 8 hours) to elevated concentrations (e.g. ≥ 0.3 ppm) of 

vaporous SO2 can suffer extensive tissue damage due to the formation of sulfuric acid via the 

hydrolyzing process described in the equations above (Taiz and Zeiger, 2006).  In other studies, 

simulated acid precipitation induced chlorotic spots, and eventually necroses, in upper epidermal 

cells of young poplar and oak leaves.  Parenchyma cells adjacent to them exhibited hyperblasia 

(abnormal cell proliferation) and hypertrophy as a wound reaction (Evans et al. 1978, Evans and 

   

     2 NO ⟶     +      

        

   O2 

      NOx⟶HNO3 
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Curry 1979, Günthardt-Goerg and Vollenweider 2007).  Likewise, when yellow poplar leaves 

were affected by an acidic mist, cell collapse increased in all tissues (Crang and McQuattie 1985, 

Günthardt-Goerg and Vollenweider 2007).  Elevated concentrations of SO2 often impact the 

mesophyll cells adjacent to substomatal cavities first and, when SO2 is in gaseous form, exposure 

has lead to rim necroses, chlorosis, and tip burn symptoms (Günthardt-Goerg and Vollenweider 

2007)       

Acidic deposition also indirectly affects the broader ecosystem through acidification of 

water, leaching of soils, and a decrease in vegetation health and productivity (US EPA 2011).   

The risk to these natural features will be considered categorically by soils, fisheries, and 

vegetation. 

 

Acidic Deposition and Soils 

The Soil Science Society of America defined soil quality as ‘the capacity of a specific 

kind of soil to function, within natural or managed ecosystem boundaries, to sustain plant and 

animal productivity, maintain or enhance water and air quality, and support human health and 

habitation’ (Karlen et al. 1997).  Common sources of soil degradation on the world stage include 

erosion, compaction, depletion of organic matter, and nutrient imbalance (Schoenholtz et al. 

2000).   

The deposition of acids is known to affect the fertility of soils and nutrient cycling.  In 

North America, Europe, and Asia, the cycling and interactions of sulfur, nitrogen, hydrogen, 

calcium, manganese, and aluminum have all been altered by acidic deposition (Ito et al. 2005).  

Base cations (Ca
2+

, Mg
2+

, Na
+
, K

+
) are leach from soils at an accelerated rate due to acidic 
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deposition (Kirchner and Lydersen 1995, Likens et al. 1996, Johnson et al. 1999), the clearing of 

timber (Likens et al. 1996, Federer et al. 1989, Dahlgren and Driscoll 1994), and reduced cation 

deposition (Driscoll et al. 1989, Wesselink et al. 1995, Likens et al. 1996, Johnson et al. 1999).   

Following the onset of acid rain in the northeastern United States (c.a. 1950), the 

depletion rate of Ca
2+

 from soils rose to twice the level of net biomass storage (Likens et al. 

1996).  This imbalance ultimately leads to calcium depression within an effected ecosystem.  

Soil calcium levels correlate with foliar calcium, where membrane-associated calcium plays a 

role in structural support and environmental signal perception (Schaberg et al. 2006).  Acidic 

deposition leaches membrane-associated calcium, which has been shown to be a detriment to a 

number of forest species (Schaberg et al. 2001).  Insufficient levels of foliar calcium can reduce 

carbon fixation by photosynthesis (McLaughlin et al. 1991), inhibit temperature acclimation 

(Monroy et al. 1993), and compromise stress tolerance (Trewavas and Knight 1994, Christie and 

Jenkins 1996, Knight et al. 1997, Gong et al. 1998).  All of these physiological processes are 

critical to the ecological function and character of an ecosystem. 

Moreover, the availability of these base cations can continue to decline and thereby delay 

watershed recovery, even after a concerted effort to decrease the deposition of strong acids.  This 

is because a net release of strongly acidic anions continues from organic and adsorbed pools in a 

process known as “progressive acidification”, which has accounted for 15-20% of total base 

cations loss (Kichner 1992).  In the northeast, the magnitude of base cation depletion is expected 

to hamper forest ecosystem recovery into the foreseeable future, despite regulatory-driven 

reductions in sulfur dioxide emissions (Likens et al. 1996).  Hence, chronic effects have been 

known to persist for significant periods of time once air quality is degraded. 
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In addition, trace metals, such as aluminum, become more mobile under acidic conditions 

and basic cations can be displaced from soil cation exchange sites by acid cations (H
+
 and Al

n+
; 

Gbondo-Tugbawa and Driscoll 2003).  Mobile aluminum has inhibited Ca
2+

 uptake in plants by 

increasing the ratio of aluminum to calcium (Shortle and Smith 1988, Cronan and Grigal 1995).  

Forest vegetation has been identified to be at risk from soil acidification when the molar Ca/Al 

ratio of soil water falls  below 1.0 or the percentage  of base saturation in soils is <15% (Cronan 

and Grigal 1995).  These threshold levels are relevant to the potential for soil degradation, and 

subsequent forest health effects, from air quality deterioration on the Bad River Reservation. 

Elias (2001) divided the soils of the Bad River Reservation into six principal landtypes 

originating from different parent materials undergoing varied geologic process and resulting in 

distinct pedological, ecological, and hydrological features.  Those landtypes are the: upland clay 

plain, steep clayey ravines, upland sands, stratified sands to clays, coastal wetlands and 

floodplains.  This pedalogical discussion will focus principally on the upland clay plain and 

upland sands as they represent the vast majority of the Reservation and highlight the variable 

resilience of local soils.   

The upland clay plain comprises the majority of lands within the Bad River basin.  It is 

subdivided into clayey till and fine-loamy till landforms.  Clayey till are level or gently sloping 

with occasionally steep, incised ravines.  Clays dominate (35-60%) these soils and permeability 

is very slow, resulting in a mosaic of well-drained and poorly-drained areas.  Surface organic 

matter is rare.  Odanah, Sandborg, Badriver, and Dagwagi soil types typify this landform (Elias 

2001).  Fine-loamy till areas are similar to most clayey till landforms, except that soils have a 

significant silt component.  Common fine-loamy till soil types include: Denomie, Gichigami, 

Oronto, and Kakagon (Elias 2001).   
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The southern and eastern portions of the Reservation are typified by sandy outwash, 

deltaic, and beach deposits.  These areas were formed when the basin was inundated with glacial 

meltwaters and left deeper sandy deposits around the rim of the Bad River basin.  These sandy, 

upslope deposits function as recharge areas for cold groundwater that eventually daylights as 

seeps forming the headwaters of numerous Reservation streams (Elias 2001).  Seeps are 

particularly common at the moderate-to-steep sloped transition between the upland clay plain 

and the sandy rim.     

The Natural Resource Conservation Services conducted a soil survey of the Bad River 

Reservation in 1990 and data from the clay plain landforms and the upland sands are analyzed 

herein.  Specifically, three metrics shown to be associated with the neutralizing capacity of soils 

or their sensitivity to acidic deposition were assessed.  Those metrics and their relevant 

thresholds are defined as: 

Cation-exchange Capacity (CEC): a measure of the amount of exchangeable cations 

capable of neutralizing negative charges in soil (Soil Survey 2011).  Melfi et al. 

(2004) established three categories of CEC with soils having <10 cmolc/kg of soil 

being the most sensitive to acidic deposition. 

Base Saturation: an index of the pH-dependent charge of soils and the percentage of 

cation-exchange sites occupied by available bases (Soil Survey 2011).  Base 

saturation is also correlated with the weathering rate of some soils.  Cronan and 

Grigal (1995) identified a threshold when soil base saturation was less than <15 

percent, below which there is an elevated risk of forest impacts from Al stress.  

Calcium:Aluminum Ratio (Ca/Al): the molar ratio of Ca/Al in the soil solution has been 

demonstrated to be a useful indicator for conditions where the risk of forest 
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damage is significant.  A threshold of  Ca/Al ≤1.0 for soil samples was 

determined to represent sites where Al stress was likely to negatively affect tree 

growth (Cronan and Grigal 1995).     

 

Table 1.  Pedological characteristics relevant to the sensitivity of local soils to acidic deposition.  

Soil characteristics depict sensitivity metrics from the mineral rooting zone (10-30 cm, excluding 

leached horizons of Oa/A and E; Schaberg et al. 2006). 

Landtype n Base  

Saturation (%) 

Cation Exchange 

Capacity (cmol/kg) 

Ca/Al 

Ratio 

Sensitivity
 

Clayey till 8 62.3±11 20.2±10 6.6±5 Moderate 

Fine-loamy till 4 49.3±6 10.0±3 4.7±4 Moderate 

Upland sands 1 16 7  1.0 High 

 

The clay plain landforms and the upland sands differ considerably in their sensitivity to 

acidic deposition (Table 1).  Both clayey till and fine-loamy till soils exist under conditions of 

only moderate risk to acidic deposition.  Resilience to degradation from acidic deposition also 

increases with depth for these soils (Fig. 1).  That being said, both soil types are highly variable 

between sites and caution should be taken, particularly for fine-loamy till soils near the transition 

to upland sands, given the occurrence of some sites where values approach threshold criteria (i.e. 

lower range of CEC and Ca/Al).   

The upland sands, however, are more likely to be leached of base cations and have a 

Ca/Al ratio on the threshold of forest resource risk (Table 1).  Review of the vertical profile 

indicates that the upper horizons of the sands are at or below the 15% base saturation threshold 
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identified by Cronan and Grigal (1995).  The difference in elevation between the Bad River basin 

and the upland sands means that the upland sands also tend to receive higher levels of 

precipitation annually (Hester and Kilger, this report), regardless of the chemical nature of that 

deposition (i.e. acidic or neutral).   

 

 

Figure 1: Vertical profiles of base saturation (%) from representative soil samples collected on 

the Bad River Reservation.  From left to right, soil samples follow a northwest-southeast cross-

section of the Reservation, with clayey till (Sanborg, Miskoaki), fine-loamy till (Denomie) and 

upland sands (Ashwabay).  Soils on the clay plain generally have significant neutralizing 

capacity at depth.  However, upland sands exhibit little base saturation, with some soil horizons 

at or below the 15% base saturation threshold (Cronan and Grigal 1995).    

 

Landscape factors can also affect an area’s sensitivity to acidic deposition.  Relevant 

factors include: shallow deposits of glacial materials (Ito et al. 2005), slow rates of chemical 

weathering, and low concentrations of base cations in the soil (April and Newton 1985, Driscoll 

1991).  Repeated logging or the wholesale clearing of a forested landscape will also affect a 

Sanborg Denomie Miskoaki Ashwabay 
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landscape’s sensitivity by decreasing the supply of litterfall to the soil organic pool and, thus, 

reducing the mineralization of base cations like Ca
2+

 (Gbondo-Tugbawa and Driscoll 2003).  

Thus, it is important to consider the interaction of soils, weather, and landuse when determining 

the risk to a given area. 

 

Acidic Deposition and Fisheries 

In the case of surface waters, acidic deposition has been known to result in the 

impairment of aquatic resources. Sulfate deposition can induce the leaching of base cations, soil 

acidification, and the acidification of surface water.  Moreover, anaerobic microorganisms 

reduce sulfate (   
 -
  to hydrogen sulfide (H2S), which acts as a respiratory poison to plant 

tissues (Taiz and Zeiger 2006) and has been implicated as critical inhibitor in the proliferation of 

wild rice (Zizania palustris; Moyle, 1975). In addition, the deposition of excess nitrogen (in the 

form of nitrate and ammonium) can also lead to acidification of streams, lakes, and soils.  

 Notably, lakes in the nearby province of Ontario, Canada have been markedly degraded 

due to a combination of deposition and soil sensitivity (i.e. low buffer capacity). “Buffering 

capacity” refers to the ability of a solution (in this case soil or surface water) to maintain a 

constant, balanced pH when acids or bases are added. High levels of acidic precipitation reduce 

the ability of lakes, rivers and streams to buffer excess H* ions, and as the buffer capacity of 

surface waters decrease, additional acidic precipitation will lead to acidification (Baird and Cann 

2008). The common measure for the buffering capacity of soils or surface water is the Acid 

Neutralizing Capacity (ANC). The ANC describes the ability of ecosystems to neutralize the 

deposition of acids. Once the buffering capacity has been impaired, any additional deposition of 



Appendix E: Environmental Effect Analysis     Page 13 

acids can be expected to result in acidification, even if emissions of the precursor pollutant are 

decreased. Acidic deposition changes the ANC of freshwater lakes and streams, which would 

have a severe impact on Bad River’s water resources.  Of particular importance is the impact of 

changes in water quality to the Reservation’s fisheries.   

 Changes in the ANC can affect the bioavailability of dissolved aluminum and other toxic 

metals, which has in turn affected sensitive fish and plant populations. The literature suggests 

that both the direct effect of acidity and the elevated concentrations of aluminum are responsible 

for the devastating losses observed in fish populations of acidified waters (Baker and Schofield, 

1982; Gagen et al, 1993).  Flora and fish species vary in their respective tolerance of aluminum 

and acidity (Table 2), which induce shifts in community composition as the average pH of waters 

decline (Baird and Cann 2008).  In addition, the viability of larval fish and fry is severely 

diminished even at low levels of acidity that may be tolerated by adults of the same species 

(Cleveland et al, 1986).  Fish populations, particularly during early developmental stages, are 

often sensitive to rapid shifts in the pH of inhabited waters (Jeffries, 1990).  In a natural 

environment, these pH swings can be induced during heavy rain events, and when acidic winter 

snows undergo a rapid melt event and flush adjacent streams during early spring (Baird and 

Cann, 2008), resulting in episodic acidification. Sulfates and nitrates concentrate in the lowest 

layers of snowpack, resulting in higher acid of melt water than typical precipitation.  

Acidification leads to aluminum ions (Al
3+

) leaching into lakes. This asphyxiates the fish by 

interfering with the hydrogen ions within the osmoregulatory mechanisms controlling sodium 

balance at the level of the gill (Leivestad et al. 1976). In cases of severe acid stress alteration of 

gill membranes and/or coagulation of gill mucus occurs and death due to hypoxia may result 

(Fromm, 1980). In addition, egg and larval mortality is the main cause for fish reproductive 
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failure (Leivestad et al. 1976). Reproductive failure resulting from acid stress appears to be 

related to an upset in calcium metabolism and to faulty deposition in developing oocytes (Fromm 

1980). 

 Table 2. Tolerance of acidic conditions by species  

Common Name Species Minimum pH Tolerated Source 

Brook Trout Salvelinus fontinalis 6.5 Raleigh 1982 

Lake Trout Salvelinus namaycush 5.5 Beggs and Gunn 1986 

Walleye Sander vitreus 6.0 McMahon et al. 1984 

Common Shiner Luxilus cornutus 6.0 Trial et al. 1983 

 

 Fisheries are a critical resource to all people of the Lake Superior Basin, native and non-

native alike. Common species include white fish (Coregonus clupeaformis), walleye, lake 

sturgeon, yellow perch, northern pike (Esox Lucius), brook trout (Salvelinus fontinalis) and lake 

trout (Salvelinus namaycush) (Elias 2001).  For Anishinaabe (i.e. Chippewa, Ojibwe) the 

commercial and subsistence harvest of fish populations represent critical sources of economic, 

nutritional, and spiritual health.  Bad River Commercial Fishermen harvest approximately 

300,000lbs of lake whitefish, 80,000lbs of lake trout, and 100,000lbs of herring (Coregonus 

artedii) each year in Lake Superior (T. Wilson, unpublished data). This harvest represents a 

significant source of revenue generation and job production for tribal members and the region.  

For species such as whitefish, the waters adjacent the Bad River Reservation are among the most 

productive in the Lake (Schram et al. 2010). The decline of these populations as a result of 
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environmental degradation would not only compromise the economic sustainability of 

commercial fishermen, deck hands, fish houses, and restaurants; but represent a direct impact on 

the ability of tribal members to exercise their treaty-reserved rights (see Nesper and Quick, this 

report).   

 Some of the Tribe’s fishery resources could be negatively impacted by further 

degradation of air quality. Walleye have been shown to be particularly sensitive to acidification. 

The ideal pH for this species is between 6.0 and 9.0, and acidic lakes in Wisconsin (pH < 5.5) 

have not been known to sustain walleye populations (Rahel and Magnuson, 1983).  Riparian and 

still water sites in the Bad River and Kakagon Sloughs Complex are currently at a pH of 7.4± 

0.5, well within the range of ideal conditions (Bad River Band unpublished data).     

 The Kakagon and Bad Rivers feature prominently in the walleye rehabilitation goals of 

western Lake Superior.  Spawning population goals for the Bad River are set comparable to the 

current estimates of productive capacity in the Kakagon River (Hoff 2002).  In pursuit of this 

goal and to maintain a viable subsistence fishery, the Bad River Natural Resources Department 

manages their fisheries resource, in part, through the rearing and stocking of walleye and yellow 

perch. Over the past decade, the budget allocated to maintain and operate the Bad River fish 

hatchery has more than doubled (Fig. 2). Furthermore, the Tribal Government has directed nearly 

$900,000 of its governmental and grant funds to expand operations and improve the state of its 

fisheries resource over the past decade.  An estimated 2.7 million walleye and 1.1 million yellow 

perch have been stocked in the Lake Superior Basin between 2006 and 2012 alone (Fig. 2).  This 

sustained investment in the fisheries of the Reservation and region underscores the importance of 

the fishery resources to the Tribe and its partners.  
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 Figure 2. Investment and Production Trends for the Rearing and Stocking of Walleye (WAE) and Yellow Perch (YEP) by the Bad River 

Band Tribal Fish Hatchery, 2001-2012.  
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 In addition to the investments in stocking and rearing, the Tribe has taken significant 

steps to ensure that harvest levels are set sustainably. The following figure shows harvest activity 

relative to the total allowable catch (TAC) for the Kakagon River (Fig. 3). The harvest levels are 

always lower than the total allowable catch, suggesting that Tribal Members appreciate the 

importance of maintaining a viable fishery. Moreover, the relatively constant harvest numbers 

suggest the importance of the fishery for subsistence. In addition, the Tribe sets an annual TAC 

for walleye and lake trout. Active management and self-regulation are intended to ensure that all 

culturally significant species remain viable for harvesting by current and future generations. 

These similar trends in stocking and harvest further convey the critical role that healthy aquatic 

resources play in the Tribal community and culture. 

 

Figure 3. Walleye Population Estimates (± std. error), Harvest, and Total Allowable Catch 

(TAC) for the Kakagon River (2006-2011) 
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 Salmonids, like lake trout and brook trout, are also vulnerable to acidification.
2
 Beggs 

and Gunn (1986) studied Ontario lakes and the impact of acidification on trout populations. They 

found that lake trout populations fail to recruit at pH levels less than 5.5 and are completely lost 

in lakes where the pH drops below 5.2. Brook trout were killed off in lakes with a pH less than 

5.0.  Nearly all of the groundwater-fed and cold water streams in the Bad River Watershed host 

native brook trout.  In some streams, stocked rainbow trout now reproduce on their own and 

potamodromous salmonids migrate from Lake Superior and the Bad River into accessible 

coldwater tributaries (H. Quinlan, personal communication).  The water quality of trout streams 

in the upper Bad River Watershed under current conditions is generally favorable to salmonids, 

with a pH of 7.3±0.2 (WDNR 2012; unpublished data).  Some regional species are slightly more 

resilient, but these species tend to represent a limited proportion of the subsistence diet. For 

example, Northern pike, which is important for recreational harvest in the region, have been 

known to survive at a pH from 4-4.5 (Mackie 2001).  Again, this difference in the tolerance of 

local species highlights how changes in environmental conditions (i.e. pH) can trigger shifts in 

community composition. 

 Other fisheries are important from a conservation, as well as cultural, perspective.  In the 

Great Lakes, lake sturgeon populations are estimated to be at approximately one percent of 

historic levels (Tody 1974).  Sturgeon are tracked and monitored during spawning on the Bad 

River Reservation in an effort to better understand population dynamics and long-term trends.  

The Bad River and White River, each with large stretches on the Reservation, represent two of 

                                                 
2
 Brook trout are sensitive to many other environmental stressors, such as high temperatures and 

low DO, so disentangling the effects of acidification from concurrent degradation can be 

difficult. Acidification often occurs when other toxic ions (such as aluminum) or nutrient ions 

(sodium or calcium) are also present. See Baker et al (1990) for a discussion.  
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the three known rivers hosting remnant, self-sustaining Lake Sturgeon populations on the South 

Shore of Lake Superior (Schloesser and Quinlan 2011).  Lake Sturgeon harvest at Bad River is 

very limited, but remains important in subsistence and cultural practices.  

 According to a recent report (Schloesser and Quinlan 2011), the current population of 

lake sturgeon is near its restoration goal of 1,500 mature adults that Auer (2003) set as a 

minimum benchmark for a self-sustaining population.  Despite successes protecting the 

populations and habitat on the Reservation,  the rarity of suitable waters and the low populations 

─by historic accounts─ raise concerns about the future of lake sturgeon, both  in Lake Superior 

and  the Great Lakes Region, in general. Lake sturgeon, which are ecologically and economically 

important to the Great Lakes (NOAA, 2010), are especially intolerant to pollution (WDNR, 

2000). Among sensitivities to environmental stressors, lake sturgeon is sensitive to increases in 

sedimentation because of the direct impact on spawning habitat and egg survival (Galarowicz, 

2003; Kempinger, 1988). Lake sturgeon lay eggs in gravel bars or in woody debris, and 

sedimentation in spawning habitat can affect egg mortality (e.g. Auer, 2003). Increased 

sedimentation can be an indirect effect of soil degradation, as acidification can weaken or 

destroy existing groundcover.  Because populations are at critically low levels, impairing the 

quality of sturgeon habitat –directly or indirectly–through the deposition of air pollutants risks 

compromising current restoration successes and long-term viability of the sturgeon populations 

in the Bad and White Rivers; and, thus, Lake Superior. 

 Other mechanisms with the potential to degrade aquatic resources include the reduction 

of calcium in acidic waters, which weakens fish species (e.g. Schofield, 1976), and episodic 

acidification (resulting from big rain events or snowmelt) which may increase levels of 

aluminum in streams and lakes (Baker et al, 1996).  Decreased pH and increased aluminum 
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levels are directly toxic to fish and can cause chronic stress the leads to a lower body weight and 

smaller size, making fish species less able to compete for food and habitat. Aside from the 

obvious first-order effects of population loss, decreased biodiversity, and decreased recruitment, 

losses of fish populations would also have disruptive effects on the ecosystem. Due to the nature 

of the complex, interconnected ecosystem, the potential exists for important cascade effects 

across trophic levels as the relative abundance of some species is altered. For example, fish-

eating water birds (such as loons, bald eagles, or belted kingfishers) could be affected by 

population fluctuations in prey fish impacted directly by pollution-induced stress or indirectly, 

through reduced ecosystem productivity (Graveland, 1998).  

 

Acidic Deposition and Vegetation 

 The same pollutants which lead to the acidification of soil, lakes, and streams, can affect 

some plant species endemic to the area. We first note that Bad River is home to at least 29 tree 

species, including the following: 

 

Table 3. Tree Species Occurring on the Bad River Reservation. 

White Pine Paper Birch Sugar Maple 

Red Pine Yellow Birch Red Maple 

Jack Pine Trembling Aspen Silver Maple 

Balsam Fir Big-Toothed Aspen Boxelder 

White Spruce Balsam Poplar American Elm 
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Black Spruce Hawthorn Rock Elm 

Tamarack White Ash Red Oak 

Hemlock Green Ash Burr Oak 

White Cedar Black Ash Black Willow 

Ironwood Basswood  

 

 Previous studies inform which species or groups are particularly vulnerable to acidic 

deposition. Species of spruce, aspen, birch and pine are particularly vulnerable (Vogelmann, 

1982). Scherbatskoy and Klein (1983) discuss impacts on yellow birch (Betula alleghaniensis) 

and white spruce; Potter (1991) studied red maple (Acer rubrum); and Lovett and Hubbell (1991) 

provided evidence for white pine and sugar maple (Acer saccharum). Finally, DeHayes et al 

(1999) studied the effects of acidic deposition on red spruce (Picea rubens).  

 Recent evidence suggests that sugar maples in the Great Lakes region are also 

particularly vulnerable. Sugar maple seedling survival is affected by the slowing of decay and 

forest floor accumulation under anthropogenic nitrogen deposition (Patterson et al, 2012). 

Because these susceptible species dominate the landscape on the Bad River Reservation, 

preventing the significant deterioration of ambient air quality is critical.  In its review of the 

effects of the Clean Air Act, EPA points to two specific, peer-reviewed articles relevant to the 

impact of acidic conditions on endemic vegetation. While dose-response functions have not been 

estimated in this case, Duchesne et al (2002) found a significant decrease in the basal growth rate 

of sugar maple as a result of acidification. McLaughlin (1998) found that the health of hardwood 

stands on shallow, poorly buffered soils declined due to decreasing pH and base saturation levels 

alongside increased aluminum ion concentrations.  These findings are specifically relevant to the 
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environment of the Bad River Reservation given the abundance of forestland and, as previously 

discussed, the limited buffering capacity of sandy upland soils.  

 

Nitrogen Deposition 

Nitrogen deposition leads to acidification as described above, but it also  impacts both 

terrestrial and aquatic ecosystems by altering the extant biogeochemistry.  For example, 

Carpenter et al (1998) found that atmospheric nitrogen deposition in freshwater systems is an 

important contributor to eutrophication
3
.    Reactive nitrogen takes the form of nitrate (NO3) or 

ammonia (NH3). The amount of reactive nitrogen limits plant growth, but “nitrogen fixation” 

causes unreactive nitrogen to be converted to reactive forms available to plants.  Ecosystems that 

are “nitrogen limited” will increase in productivity, for a time, as the supply of reactive nitrogen 

increases. However, continued N additions beyond saturation levels lead to declining returns in 

plant productivity and carbon storage (Vitousek et al. 1997).  Anthropogenic atmospheric NOx is 

deposited in soils and acts as a fertilizer, but over a long period of time it can have adverse 

impacts at elevated levels (US EPA, 2011).  For example, excesses in available nitrogen can 

induce nutrient imbalances in trees.  When calcium and magnesium are lost via leaching the 

availability of aluminum is enhanced through acidity.  Studies have shown that such nutrient 

imbalances have been linked with reductions in net photosynthesis, nitrogen-use efficiency, 

forest growth, and even result in increased tree mortality (Shortle and Smith 1988, Schulze 1989, 

Aber et al. 1995, Cronan and Gringal 1995, Vitousek et al 1997).  

                                                 
3
 High phosphorus levels are also required, as phosphorus is often a limiting factor for plant 

growth in freshwater ecosystems. 



Appendix E: Environmental Effect Analysis     Page 23 

In aquatic systems, nitrogen deposition can cause shifts in phytoplankton composition 

and increases in algal blooms in nitrogen-limited lakes (FLAG, 2000).    Likewise, nitrogen 

loading to terrestrial and wetland systems is believed to facilitate the invasion of non-native plant 

species (Dukes and Mooney 1999, Tomassen et al. 2004, Rickey and Anderson 2004) currently 

present in the vicinity of the Bad River Reservation
4
.  A long-term study in Minnesota, for 

example, demonstrated that increased nitrogen deposition resulted in an increased abundance of 

an invasive Eurasian grass, a loss of grassland diversity, and likely impaired carbon sequestration 

(Wedin and Tilman 1996).  In addition, Tomassen et al. (2004) demonstrated that the invasion of 

an exotic nitrophilous grass into ombrotrophic bogs was stimulated by nitrogen addition at levels 

comparable to atmospheric deposition.  Bog habitat encompasses some 1,667 acres of the Bad 

River-Kakagon Sloughs; which is presumably susceptible to this form of invasive competition. 

 

Tropospheric Ozone 

 Ozone (O3) pollution can also have impacts on Bad River’s resources at various levels of 

organization
5
, primarily through effects on vegetation. At the cellular and molecular levels, 

ozone affects the oxidation of enzymes, disrupts membrane potential, reduces photosynthesis and 

nitrogen fixation, and increases apoptosis (EPA, 2011). The Federal Land Managers Air Quality 

                                                 
4
 See the detailed distribution maps for Elymus repens, Molinia caerulea, and Phragmites 

australis; available at the Robert W. Freckmann Herbarium of the University of Wisconsin-

Steven’s Point. 
5
 For a summary of ozone impacts at different levels of spatial organization, see Table 6-4 of US 

EPA’s 2011 report.  
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Related Values Working Group (FLAG, 2010) provides at mechanistic explanation for decreased 

plant function from ozone exposure: 

“Ozone enters plants through leaf stomata. It oxidizes plant tissue, causing changes in 

biochemical and physiological processes. These biochemical and physiological changes 

occur within the leaf long before visible necrotic symptoms appear (Guderian et al.1985). 

Plants must expend energy to detoxify ozone and repair injured tissue that could 

otherwise be used for growth or for maintenance of plant health. The injured plant cells 

eventually die if detoxification and repair cannot keep up with ozone uptake” 

 

Ozone can cause various levels of injury and damage to vegetation, including
6
:  

 Stipple (dark colored lesions on leaves resulting from pigmentation of injured 

cells),  

 Fleck (collapse of a few cells in isolated areas of the upper layers of the leaf, 

resulting in tiny light-colored lesions),  

 Mottle (degeneration of the chlorophyll in certain areas of the leaf giving the leaf 

a blotchy appearance),  

 Necrosis (death of tissue),  

 Mortality 

Aside from visible injury, ozone is phytotoxic, and ozone exposure can result in decreased 

growth or altered carbon allocation (U.S. EPA, 1996a). Ozone is a strong oxidant. Ozone enters 

leaves through the stomata during gas exchange and causes damage such as chlorosis and 

necrosis (Bell and Treshow, 2002). 

                                                 

6
 A fuller discussion of general impacts of ozone on forest resources is available from Federal 

Land Managers' Air Quality Related Values Working Group (2010). 
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 Not only can individual plants be affected, but population productivity and mortality rates 

can be altered, which impacts natural communities and local ecosystems. At the ecosystem level, 

the nutrient cycle and energy flows of lakes, wetlands, and forests can be altered; which can in 

turn impact watershed-scale biogeochemical cycles and reduce net productivity (EPA, 2011).  

Experimental evidence suggests that environmental conditions also play a critical role in 

how vegetation responds to ozone exposure (U.S. EPA, 1996b; FLAG 2000).  The literature has 

attempted to estimate the responsiveness of different species to ambient ozone concentrations.  

FLAG (2010) recently recommended common standards for analyzing the effects of ozone on 

vegetation. The FLAG recommendations point to the species/genotype, soil moisture, and 

nitrogen availability as being key factors determining the impact of ozone on injury to 

vegetation. Additional environmental characteristics such as nutrient status, humidity, 

temperature, solar radiation, day length, regional climate, and other pollutant and 

population/ecosystem interactions are also relevant.  

Of the tree species prevalent on the Reservation, aspen, red maple, paper birch, balsam fir 

and white pine are the most abundant. The following figure shows summary statistics regarding 

the distribution of vegetation and forest cover on the Reservation. Some of the key species on the 

Bad River Reservation are especially susceptible to ozone exposure. Experimental studies have 

documented over a ten percent growth loss for these vegetation types as a result of high ozone 

concentrations (Appendix 3A and Table O-2, FLAG 2000). 

 Aspen 

 White Pine 

 Red Maple 

 Sugar Maple  

 Various poplar species 
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Figure 4. Ozone Sensitivity of Bad River forest and landcover.  Dark gray-shaded (right side) 

forests are especially ozone-sensitive. Light-gray (left side) shaded forests, while potentially 

impacted, are categorized here as uncertain. Other land use types (residential, agriculture) are 

also shown in proportion to their occurrence. 

 

 Understory vegetation is susceptible to injury in the same general manner as tree species.  

Table 4 lists a number of ozone-sensitive species known to be significant to the tribal 

community.  This list was populated by cross-referencing species described in historical 

interviews Bad River tribal members (Murphy 1956) and standard compilations of ozone-
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sensitive vegetation (i.e. Flagler 1998, National Crop Loss Assessment Network, Canadian 

Environmental Protection Act).  While Table 4 should not be viewed as comprehensive, it 

establishes the presence of ozone-sensitive and culturally-significant species of vegetation on the 

Bad River Reservation, which are intended for protection by the proposed Class I Redesignation.   

 

Table 4.  Culturally-significant vegetation sensitive to injury and damage by elevated levels of 

ozone.  The categories refer to EPA’s review of the National Ambient Air Quality Standards for 

ozone, where: (P) provide basic products (e.g. food), (S) support other services (e.g. pollination), 

(R) regulate ecosystem processes (e.g. climate), and (C) provide cultural sustenance (e.g. 

spiritual enrichment).       

 

     Common Name Scientific Name P S R C 

Wild onion Allium cernuum x 

  

x 

Speckled Alder Alnus incana x x 

 

x 

Spreading Dogbane Apocynum androsaemifolium 

 

x x x 

Common Milkweed Asclepias syriaca 

 

x 

 

x 

Large-leaved aster Aster macrophyllus x x x x 

Hazlenut Corylus americana x x 

 

x 

Virginia creeper, woodbine Parthenocissus quinquefolia 

 

x 

 

x 

Quaking Aspen Populus tremuloides x x x x 

Wild black cherry Prunus serotina 

 

x 

 

x 

Chokecherry Prunus virginiana x x 

 

x 

High Bush Blackberry Rubus allegheniensis x x 

 

x 

Red Elderberry Sambucus pubens x 

  

x 

Potatoes Solanum tuberosum x 

  

x 

Snowberry Symphoricarpos albus   x   x 
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Ozone concentrations can be damaging if there are extreme highs or if there is prolonged 

exposure to moderate-to-high levels of ozone. In order to characterize within-season variation 

and peaks in ozone concentrations, a number of metrics have been proposed. Two common 

measures that are used as indicators for seasonal exposure are N100 and W126. The first 

measure, N100, is simply the number of hours during a growing season with readings exceeding 

100 ppb (0.100 ppm). The second measure, W126, is a weighted index of hourly concentrations 

(expressed in ppm) over the growing season. The W126 ozone exposure index was proposed by  

EPA in 2008 as a preferred environmental method for use as an ozone standard, re-affirmed in  

EPA’s reconsideration of the ozone standard in 2010 (National Ambient Air Quality Standards 

for Ozone, 2010), but not yet finalized by the end of 2013. Without a finalized standard, a 24-

hour W126 exposure index was used to calculate and compare ozone exposure indices, following 

guidance discussed in FLAG (2000).  This index is utilized by the US Forest Service in its 

evaluation of effects on vegetation and includes data over 24-hour periods, given indications that 

nighttime exposure contributes to vegetation injury (Musselmann and Minnick 2000).   W126 is 

a sigmoidal weighted index that is believed to be a better indication of the impact of various 

levels of ozone on vegetative health (FLAG, 2010). The weights, Wi, for each hourly observation 

of the W126 measure are calculated using the following formula, where M=4403 and A=126.  

 

 This particular function is used in the literature because it fits observational and 

experimental data regarding the responsiveness of vegetation to ozone. The W126 measure is 

then calculated by multiplying each concentration (ppm), Ci, by its weight, Wi, and summing 

over the growing season.  
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 Calculating the W126 and N100 indices for the Bad River monitoring station in 2011 

yields W126=5.08 ppm-h, and N100=0, indicating moderate ozone concentrations with few 

extreme high values. As a point of comparison, the monitoring site at Manitowoc Woodland 

Dunes for the same year yields W126=12.86 ppm-h and N100=5. Ozone concentrations at 

Manitowoc Woodland Dunes were higher on average and had five observations exceeding 100 

ppb.  Manitowoc Woodland Dunes is an apt comparison for Bad River because it is dominated 

by natural landtypes currently experiencing moderately elevated ozone concentrations. 

 Reference points for W126 and N100 are available for several species. A ten percent 

growth decrease has been documented for W126 values of 71.4,  44.7, and 6.51 for aspen, sugar 

maple, and black cherry respectively (Lefohn 1998, FLAG 2000). That is, some of the key forest 

resources of the Reservation are ozone-sensitive.  While the concentrations indicated for a ten 

percent growth decrease of aspen and sugar maple are outside the likely range for Bad River 

ozone concentrations, this threshold approach negates the potential for subtler levels of 

impairment or the cumulative effects of multiple pollutants.  In addition, ozone levels at 

Manitowoc Woodland Dunes are beyond the threshold where the growth of black cherry would 

be impaired, while the ozone levels on the Bad River Reservation are unlikely to be impacting 

the species.  This is particularly relevant to Bad River since black cherry traditionally provides a 

variety of medicinal resources (Meeker et al. 1993).   

In summary, current estimations are that the majority of Bad River’s forest cover is 

sensitive to elevated ozone concentrations and certain species would be expected to be impaired 

if current conditions were degraded.   All of these species are important to the Bad River 

community and its culture, but a number of ozone sensitive plants have also been specifically 
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linked to traditional practices.  Thus, there are social and ecological incentives to preventing the 

degradation of Bad River’s ambient air quality. 

  

Hazardous Air Pollutants 

The final category of pollutant considered in this chapter is hazardous air pollution. 

Combustion of fossil fuels and other anthropogenic sources account for over half of mercury 

emissions, with mining and metals production remaining the principal source (54.5%) in the 

Lake Superior Basin (Lake Superior Binational Program, 2006; EPA, 2011). Mercury is 

encountered in the environment as several forms, but the most hazardous form is methyl 

mercury. Sulfate-reducing bacteria in lake sediments and wetlands allow the transformation of 

atmospherically-derived mercury to methyl mercury (Evers, et al, 2011). It is also important to 

note that both the solubility of mercury and the rate of methylation are increased considerably as 

waters become more acidic, generally resulting in elevated mercury levels in fish tissues and 

implying the potential for serious, cumulative effects from multiple pollutants (Baird and Cann 

2008). Methyl mercury is a toxin that affects the reproductive, behavioral and developmental 

characteristics of mammals, birds, fish and aquatic invertebrates (EPA, 2011).  It also passes 

more readily between both the blood-brain and placental barriers in humans (Baird and Cann 

2008). 

The scientific literature has pointed to concerns regarding bioaccumulation and 

biomagnification of mercury in several important fish species in the region (Knobeloch and 

Anderson, 2005), such as walleye, northern pike, and largemouth bass (Micropterus salmoides). 

These fish species are important for human consumption, as well as the ecosystem (Gump et al, 
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2012). The accumulation of methyl mercury in aquatic ecosystems is of particular concern to the 

people of Bad River given that, on average, Anishinaabe consumer nearly twice (197%) as many 

meals of fish as the average Great Lakes Fish Consumer (mean values for 1993-2002 in Turyk et 

al. 2012).  The accessibility and quality of subsistence fisheries, both on and off-Reservation, are 

integral to the lifeways of the Bad River community.  In this way, the preservation and 

enhancement of the environment which sustains such aquatic resources is essential to the lasting 

resilience of the Bad River people, their lands, and waters.     

 

Summary 

 

 There are many channels through which Class I designation would impact the 

Reservation’s natural resources. These channels include the prevention of significant 

acidification, nitrogen deposition, changes in ozone concentrations and impacts of hazardous air 

pollutants. The literature points to significant risks from the direct and indirect effects of criteria 

pollutants on the natural and cultural resources of the Bad River Reservation.   

Mitigating through air redesignation could benefit both the environment and surrounding 

communities.  In the case of regional commercial activity such as timber harvesting, the benefits 

could be estimated as the increase in profits due to better stand quality associated with improved 

ambient air quality. But for most of the region’s natural resources, much of the value will be 

primarily through nonmarket channels such as the protection of non-commercial fish harvests, 

water quality, vegetative cover and/or growth, and visibility.  These ecosystem services, in turn, 

offer economic benefits to a region through tourism, amenity-based services, and improved 

quality of life for workers and retirees (see Power and Power, this report).  
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Quantifying the likely impacts on the natural resources due to Class I designation is 

challenging due to the complexity of the ecosystem and the interrelated, cumulative effects of 

pollution on forests, water and wetlands. But, as a recent EPA study (2011) of the benefits of the 

Clean Air Act indicates, impacts on ecosystems are vast and important. The literature points to 

significant impacts of these pollutants on environmental resources, and Class I designation 

would greatly assist the maintenance of the quality and integrity of the Tribe’s resources for 

current and future generations. 
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The primary goal of preventing significant deterioration is "to preserve, protect, and enhance the 

air quality" of the area. Aligned with this view, one motivational factor underlying the Tribe’s 

exercising of the right to redesignate the air quality within its boundaries is the greater health 

protection such conditions afford. Redesignation may also lead to improvements in the human 

capital of community members. These health and human capital improvements are crucial for 

both the present and future health and well-being of the affected communities.  

 

This section provides a description and analysis of the potential health effects to residents from 

Class I air redesignation. It begins by describing the current health care use of members and 

levels of ambient pollution they face. It then reviews epidemiological evidence on the potential 

health effects that are relevant for redesignation.  The next section describes potential human 

capital effects, as embodied by school performance and worker productivity. The final section 

discusses the relevance of these findings for members of the Tribe. 

 

Health Status and Pollution Levels on the Bad River Reservation 

 

Health status of tribal members  

In general, Native Americans have much worse health than other races in the United States. 

Average life expectancy is over 5 years lower, with death rates from tuberculosis 500% higher 
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(Indian Health Service, 2011). Part of this gap may be explained by high rates of poverty, with 

over 20% of Native Americans living below the poverty level, compared to under 9% for all 

other races (GLITEC, 2011). Access to health care may explain this gap as well; Native 

Americans receive the lowest rate of per capita health care expenditures from the federal 

government compared to all other federally-funded health care programs.  In fact, Indian Health 

Services health care expenditures are on average 60 percent less per capita than nationwide 

expenditures (U.S. Commission on Civil Rights, 2003). Not only are services a concern for 

Native Americans at large, but they are of particular concern for the Bad River tribe. The 

Bemidji Indian Health Service Area, which includes Bad River, has historically been the most 

under-funded IHS area in the United States, having received only 45% of needed funding in 

2009 (GLITEC, 2011).  As such, the Tribal Government and community often perceive the 

prevention of environmental degradation as a proactive method of mitigating cumulative risks 

from environmental health factors, population susceptibility, and a historic lack reliable access to 

health care. 

 

To provide insight into the health status of tribal members that may be affected by pollution, 

Table 1 provides data on the number of respiratory and cardiovascular admissions to the tribal 

clinic for the years 2008-2011. As elaborated below, these two classes of admissions are those 

most affected by current pollution levels. 

 

Table 1: Reported respiratory and cardiovascular cases in the Bad River Clinic, 2008-2011 

 

year respiratory cardiovascular 

2008 463 639 

2009 605 647 

2010 504 631 

2011 537 548 

Notes: Respiratory admissions are defined as those with International Classification of Disease (ICD) codes 460 to 

519, and cardiovascular with ICD codes 390 to 459 and 250. 

 

There were roughly 4,500 registered patients at the clinic for the time periods in the Table, which 

reflects roughly 60% of the tribal population.  This suggests that nearly 1 in 10 tribal members 

saw the clinic each year for respiratory related incidents, with a slightly lower rate for 

cardiovascular related incidents.
1
 Roughly 10% of tribal members receive some form of public 

health insurance, suggesting state and federal governments bear some of the financial burden 

from these admissions. Putting these numbers in context, nationwide there were roughly 10.9 

hospital admissions and emergency department (ED) visits for cardiovascular and respiratory 

related illnesses per 100 people in 2007 (Center of Disease Control and Prevention, 2011). These 

rates are quite similar, though it is difficult to compare clinic visit rates to hospital and ED visits. 

                                                 
1
 Note that this may double count members who were admitted multiple times within a given year. 
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It is important to note that access to health care has long been a concern of the tribe. While the 

clinic has been expanding to serve additional non-tribal and non-Native populations, there are 

many health outcomes not likely to be captured by clinic use. Hence, Table 1 does not provide a 

complete picture of tribal health issues, but only a brief snapshot. 

 

Current air quality levels on the reservation and its sources 

 

Ozone and particulate matter less than 2.5 microns (PM2.5) are two criteria pollutants routinely 

monitored on the Reservation.  Particulate matter is a complex mixture of extremely small 

particles and liquid droplets.  Fine particles, which are those less than 2.5 microns, come 

primarily from forest fires and the combustion of fuels at power plants, industrial facilities, and 

motor vehicles. While there are local sources of PM, the lightness of PM can enable it to travel 

large distances, so emissions in neighboring communities can potentially affect the pollution 

levels experienced by the tribe. 

 

Unlike PM, ozone is not directly emitted but is formed when nitrogen oxides (NOx) and volatile 

organic compounds (VOCs) interact in the presence of sunlight. Although not an applicable 

pollutant under Class I, the focus on ozone arises because NOx and VOC, both applicable under 

Class I, are precursors to ozone formation.  Given this formation process, ozone levels are 

highest during the summer months and middle of the day, times when ultraviolet radiation is 

highest. NOx and VOC emissions are predominately associated with power plants, industrial 

facilities, and motor vehicle exhaust, as well as gasoline vapors and chemical solvents. Ozone is 

typically higher in large urban areas, but prevailing winds can also create elevated levels at some 

distance from the initial site of generation.  

 

The Bad River Band Natural Resources Department has operated an ambient air monitoring site 

since 2002 that has routinely recorded levels of PM2.5 since inception and ozone since 2004. 

Table 2 describes ozone and PM2.5 levels for the period 2007-2011, with the ozone values 

coming solely from the peak ozone season (4/15 through 10/15). It presents several descriptive 

statistics for each, both relevant to policy and to the health literature.  
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Table 2. Ozone and PM2.5 concentrations at the tribe, 2007-2011 

 

 ozone (ppb) PM2.5 (µg/m3) 

year design 

value 

mean maximum design 

value 

mean maximum 98th 

percentile 

2007 64.33 38.83 73 6.28 5.95 19.7 18.4 

2008 63 36.95 66 6.38 6.36 44.9 15.75 

2009 59.67 33.13 63 6.08 5.93 17.6 17.42 

2010 56.33 36.57 59 5.85 5.26 17.9 17.03 

2011 56 37.37 61 5.54 5.43 19.5 16.34 

Notes: ppb = parts per billion, µg/m3 = microgram per meter
3. 

 

For ozone, the first column presents the design value, which is the average of the last three years 

of the annual fourth-highest daily maximum 8-hour ozone concentration.  To determine 

attainment status, the design value is compared to the National Ambient Air Quality Standard 

(NAAQS) for ozone of 75 parts per billion, indicating the Reservation was in-attainment of the 

ozone NAAQS for each of the years described. The next column presents the annual mean and 

daily maximum 8-hour ozone recorded in any year, which is often the most relevant measure 

from a health perspective. Mean levels are in the mid-30s, and do not exhibit a noticeable trend 

over time. Maximum levels are only slightly higher than design values, and have generally 

decreased over the time period sampled. 

 

For PM2.5, the design value averages the annual concentrations for the previous three years, 

which must be less than 15 µg/m3 to attain NAAQS.  Values are consistently below the 

enforcement level, and have generally fallen over the time period sampled.  Annual mean, daily 

maximum, and the 98th percentile are measurements commonly focused on in the research 

literature. The annual mean is, as expected, close to the design value. The maximum and 98th 

percentile values lie between 15-20 µg/m3, with the exception of 2008, and do not show a 

particular trend over time.  

 

In addition to ozone and PM2.5, sulfur dioxide (SO2) is another pollutant of interest. SO2 

primarily comes from the combustion of fossil fuels at power plants and other industrial 

facilities. SO2 was monitored at a nearby location (Ashland, WI) for a 1 year period beginning in 

July, 2010. As the closest monitor to the Reservation measuring SO2, this is used to inform of 

approximate levels of concentration at the reservation. NAAQS are based on the 24-hour 

maximum hourly reading, with the current limit set at 75 ppb. The maximum reading at the 

Ashland monitor over the one year period was 35, well below NAAQS, with a mean at 1.38 ppb.  

 

Review of Relevant Epidemiological Literature 
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This literature review provides a discussion on the state of relevant knowledge on the health 

effects of pollutants potentially affected by Class I re-designation.  The review focuses on studies 

most contextually relevant to the Tribe and re-designation by targeting those study areas 

experiencing levels of ozone, PM2.5, and SO2 comparable to levels experienced by the Tribe but 

below NAAQS.  It emphasizes health endpoints presumed to be the most relevant to community 

members and decision makers, rather than an epidemiological emphasis on mechanisms or 

source attribution.   

 

 

Particulate matter 

 

While PM includes a wide range of particles, those with diameter less than 2.5 microns are of 

particular interest. Their microscopic size allows them to be inhaled deep into the lungs where 

they can then penetrate the gas exchange regions of the lung and pass into the bloodstream 

(Burch, 2002).  The inhalation of particles decreases lung functioning by inflaming and irritating 

the lungs, which can lead to respiratory infections and asthma exacerbations (Svartengren et al., 

1995).  These lung injuries can also lead to the release of chemicals and changes in blood 

coagulation that create secondary, systemic effects that compromise heart functioning 

(Nadziejko et al., 2002).  The passage of particles into the bloodstream can also directly impact 

the heart through changes in blood chemistry (Vincent et al., 2001). These heart impacts can 

ultimately lead to increases in strokes and heart attacks, both of which may increase mortality.  

These effects can occur both from short-run exposure to PM2.5 as well as long run exposure 

(Pope et al., 2002). Exposure to fine particulates may be particularly dangerous to certain subsets 

of the population more susceptible to diseases, such as children, fetuses, and the elderly (Dejmek 

et al. 199). Given the impact on respiratory and cardiovascular health, those with a history of 

respiratory or heart disease are also generally more susceptible to PM2.5 exposure (Kodavanti et 

al., 1997). 

 

Table 3 presents a summary of results from recent studies (i.e. since 2000) that have comparable 

or higher levels of PM2.5 as those experienced in the community, but below NAAQS. To 

accomplish this, we limit our discussion to studies where the annual PM concentration for the 

sample studied was below 10 µg/m3 or the maximum or 98th percentile was below 25 µg/m3.  

This focus admittedly excludes results from some studies that are still relevant to the topic at 

hand; namely, studies involving higher annual or maximum values where the authors explore 

"threshold effects" (e.g.  Schwartz. et al. 2002).  An important note, however, is that studies have 

not identified a lower threshold for PM, below which no damage to health is observed (WHO, 

2006). 

 

 



Appendix F: Health Effect Analysis     Page 6 

 

Table 3. Review of PM2.5 health effects literature 

 

Author (year) Annual mean 

(μg/m3) 

Maximum 

(μg/m3) 

Outcome 

A. Short term    

Chimonas & Gessner 

(2007) 

6.1 69.8 Asthma HA; Lower Respiratory HA 

Lisabeth et al. (2008) 7.0
1 23.6

2 Ischemic Stroke/Transient Ischemic Attack  

HA 

Rabinovitch et al. (2006) 7.4 17.2
2 Asthma Medication Use 

Chen et al. (2004) 7.7 32 Chronic Obstructive Pulmonary Disease HA 

Chen et al. (2005) 7.7 32 Respiratory HA 

Fung et al. (2006) 7.7 32 Respiratory HA 

Villeneuve et al. (2003) 7.9 32 Nonaccidental Mortality 

Stieb et al. (2000) 8.5 27.3
2 Respiratory ED Visits 

Villeneuve et al. (2006) 8.5 24
2 Hemorrhagic Stroke HA; Ischemic Stroke HA; 

Transient Ischemic Attack HA 

Lin et al. (2005) 9.6 NR Respiratory HA 

Mar et al. (2004) 9.8 25.8
2 Respiratory Symptoms (any) 

Rich et al. (2005) 9.8
1 53.2 Ventricular Arrhythmia 

Dockery et al. (2005) 10.3
1 23.3

3 Ventricular Arrhythmia 

    

B. Long term    

Eftim et al. (2008) 13.6 25.1 All-Cause Mortality 

Krewski et al. (2009) 14.0 20.0
3 All-Cause Mortality 

Eftim et al. (2008) 14.1 19.1 All-Cause Mortality 

Lipfert et al. (2006) 14.3 20.1
3 All-Cause Mortality 

    

C. Prenatal    

Brauer et al. (2008) 5.3 37 Birth weight 

Jalaludin et al. (2007) 9 NR Preterm birth 

Notes: 1=median; 2=98th percentile; 3=95th percentile; NR=not reported. HA = hospital admission; ED = 

emergency department. 

 

The first panel of Table 3 focuses on effects from short-term exposure, the second on long-term 

exposure, and the third on effects from prenatal exposure.  In terms of short-term exposure, 

which generally consists of health effects within 1 week of exposure, studies have found that 

increases in PM2.5 can lead to asthma exacerbation, heart attacks, stroke, chronic obstructive 

pulmonary disease, and arrhythmia. Longer-term exposure (over the course of a year or greater) 

has been shown to be associated with increases in mortality.  Increased prenatal exposure to 

PM2.5 is associated with decrease in birth weight and increases in the likelihood of preterm birth. 

While the degree of correlation versus causality varies between studies, the general consensus is 
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that exposure to fine particulates has a causational role in the various health conditions, with the 

most confidence surrounding the effects from short-term exposure. Given the health effects 

found at levels just above those currently experienced in the tribal community, these findings 

suggest an increasing in PM2.5 from current levels has a strong likelihood of impacting a wide 

range of health outcomes in both the short and long run. 

 

 

Ozone 

 

Since ozone has limited solubility in water, inhaled ozone readily passes through the upper 

respiratory tract to reach the lower respiratory tract. In the lungs, it dissolves in the thin layer of 

the epithelial lining fluid (ELF) (Overton and Graham, 1995).  In the ELF, ozone becomes a 

powerful oxidant that leads to lung inflammation (Postlethwait et al., 2000). The resulting 

physiological effect of short-term ozone exposure is the inability to inhale to total lung capacity, 

causing a variety of symptoms, including coughing, wheezing, shortness of breath, and general 

decreases in lung functioning (Folinsbee et al., 1978).  It also exacerbates symptoms for those 

with respiratory conditions, such as bronchitis, emphysema, and asthma (Jörres et al., 1996). 

During exercise, people breathe more deeply, and ozone uptake may shift from the upper airways 

to deeper areas of the respiratory tract, increasing the possibility of adverse health effects (Gong 

et al., 1986).  While the body is quickly relieved from short-term symptoms once ozone exposure 

is dropped, long-term damage from repeated exposure may lead to permanently scarred lung 

tissue (Paige et al., 2000).  As with fine particulates, groups more sensitive to ozone include 

people with lung disease, children, older adults, pregnant women, and outdoor-active people. 

 

As with PM2.5, we limit our review to studies with comparable or slightly higher ozone levels as 

those faced by tribal members, but below NAAQS, summarized in Table 4. We achieve this by 

focusing on studies where the mean 8-hour ozone concentration is below 45 or the maximum is 

below 75.  Again, this excludes studies with higher ozone concentrations that have explicitly 

examined threshold effects.  There is some evidence of a threshold effect for ozone, believed to 

occur with a daily maximum concentration around 35-40 ppb. This level is below the typical 

maximum observed in the community, which ranges between 59 and 73 from 2007-2011.  
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Table 4. Review of ozone health effects literature 

 

Author (year) Mean 

(ppb) 

Max. 

(ppb) 

Outcome 

A. Short-term    

Peacock et al. (2011) 15.5 74  Chronic Obstructive Pulmonary Disease HA 

Wong et al. (2009) 18.8 100.3 Respiratory HA 

Barraza-Villarreal et al. (2008) 31.6 86.3 Forced Expiratory Volume in One Second ; 

Exhaled Nitric Oxide 

Qian et al. (2009) 33.6 91.5 Exhaled Nitric Oxide 

Apte et al. (2008) 34.2 86.2 Various Non-Ambulatory Symptoms 

Chan and Wu (2005) 35.6 65.1 Peak Expiratory Flow Rates 

Son et al. (2010) 35.9 59.53 Forced Expiratory Volume in One Second 

Lewis et al. (2005) 40.9 NR Forced Expiratory Volume in One Second 

Steinvil et al. (2009) 41.1 72.8 Forced Expiratory Volume in One Second 

Ross et al. (2002) 41.5 78.3 Asthma Symptoms and Medication Use 

Khatri et al. (2009) 59 73 Exhaled Nitric Oxide 

Ito et al. (2007) 30.4 68.0
2 Asthma ED Visits  

Villeneuve et al. (2007) 38 46
4 Asthma ED Visits 

Silverman and Ito (2010) 41 68
3 Asthma HA  

Mar et al. (2009) 32.2 39.2
4 Asthma ED Visits  

Poloniecki et al. (1997) 13
1 94 ED Visits 

Atkinson et al. (1999) 17.5 79.9 Ischemic Heart Disease 

Halonen et al. (2009) 35.7 79.6 Stoke, Arrhythmia, Coronary Heart Disease 

Hosseinpoor et al. (2005) 9.71 198 Angina 

    

B. Long-term    

Hwang (2005) 23.1 31.2 Childhood Asthma Prevalence 

Akinbami et al. (2005) 39.8
1 43.7

4 Childhood Asthma Prevalence  

Ha et al. (2003) 21.2 69.1 Infant Mortality 

Son et al. (2008) 25.6 95.3 Infant Mortality 

    

C. Prenatal    

Hansen et al. (2008) 24.8 34.6
4 Fetal Ultrasonic Measurements 

Jiang et al. (2007) 32.7 NR PretermBirth 

Chen et al. (2002) 27.5 42.4
2 Birthweight 

Hansen et al. (2007) 26.7 61.1 Small for Gestational Age; Birthweight 

Hansen et al. (2006) 26.8 61.2 Preterm Birth 

Ha et al. (2001) 23.3
1 31.0

4 Birthweight 

Darrow et al. (2009) 44.1 115 Preterm Birth 

Darrow et al. (2011) 44.8 74.8
2 Birthweight 

Notes: 1=median, 2=95th percentile, 3=90th percentile, 4=75th percentile, NR=not reported. HA = hospital 

admission; ED = emergency department. 
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As demonstrated in this Table, effects from short-term exposure predominantly include asthma-

related impacts, either through admissions to the emergency department and hospital, increased 

use of medications, or respiratory-related functioning related to asthma. There is also some 

evidence of cardiovascular related impacts.  The long-term impacts consist of the initiation of 

asthma and infant mortality. Effects from prenatal exposure have been found for fetal growth, 

birthweight, and preterm birth. The estimates from short-term for respiratory-related outcomes 

are likely to represent a causal relationship, whereas the estimates for short-term exposure for 

cardiovascular outcomes, long-term exposure, and prenatal exposure are suggestive of a causal 

relationship. As this Table suggests, an increase in ozone levels from those currently experienced 

would likely lead to increases in respiratory related illnesses and reductions in newborn health. 

 

 

Sulfur Dioxide 

 

SO2 can lead to a wide array of respiratory related symptoms.  Unlike ozone, SO2 is highly 

soluble in water, enabling the nasal passages to more effectively remove it than the oral pathway 

(Nodelman and Ultman, 1999). SO2 can penetrate beyond the upper respiratory tract when it 

attaches to other particles, and potentially reach the lungs (Jakab et al., 1996). Short-term 

exposure to small concentrations of SO2 can produce temporary decreases in lung functioning 

and bronchoconstriction, leading to breathing problems, including wheezing, chest tightness, and 

shortness of breath (Balmes et al., 1987; Gong et al., 1995). Asthmatics face considerably greater 

risks from SO2 exposure (Linn et al., 1987).  

 

To focus on SO2 levels most relevant for the Tribe, we again include all recent studies with 

maximum SO2 close to tribal levels but not above NAAQS. Table 5 presents a summary of 

relevant literature. 
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Table 5. Review of SO2 health effects literature 

 

Author (year) Max. (ppb) Outcome 

Gwynn et al. (2000) 37.7 Respiratory and 

circulatory HA 

Burnett et al. (1999) 57 Asthma and other 

respiratory, 

cardiovascular HA 

Lin et al. (2003) 57 Asthma HA 

Stieb et al. (2000) 60 Respiratory and 

cardiovascular ED 

visits 

Anderson et al. (2001) 59.8 Respiratory and 

cardiovascular HA 

Pönkä (1991) 35.9 Asthma HA 

Pönkä and Virtanen 

(1994) 

36.3 Bronchitis and 

emphysema HA 

Sunyer et al. (1991) 61.1 COPD ED visits 

Walters et al. (1994) 48.2 Asthma HA 

Chew et al. (1999) 53.8 Asthma HA and ED 

visits 

Wong et al. (2001) 37.4 Asthma HA 

Prescott et al. (1998) 50 Cardiovascular HA 

Wong et al. (2002) 34.4 Respiratory and 

cardiovascular HA 

 

As this Table indicates, SO2 impacts many respiratory related conditions, such as asthma and 

bronchitis, and has cardiovascular impacts as well. These impacts arise at levels both commonly 

experienced by members of the Tribe and at slightly higher levels as well. These results suggest 

that preventing a rise in SO2 is likely to confer respiratory and cardiovascular health benefits. 

 

Other Considerations: Human Capital Effects 

 

Human capital, which consists of the skills an individual possesses to perform his or her daily 

activities, is an essential component to a society’s economic, social, and political well-being. 

Exposure to pollution may impact the human capital and productivity of the Tribe, making it a 

potentially important benefit from redesignation.  
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Human capital impacts may arise through multiple channels. One, they may arise indirectly 

through impacts on health whereby a person’s performance at work or in school is compromised 

by their pollution-related illness.  A child with asthma may miss school because of illness 

episodes or doctor visits or have trouble focusing on schoolwork, both of which may result in 

decreased performance at school (Grossman and Kaestner, 1997). Two, exposure may have 

subtle impacts on health that do not necessitate the use of formal health care services, but lead to 

changes in a person’s ability to perform, particularly for physically demanding tasks (Brauer et 

al., 1996; Chan and Wu, 2005).  Three, exposure to pollution, particularly during the prenatal 

period, may have a latent impact on human capital, both as a biological effect (Barker, 1990) and 

a behavioral one through subsequent investments and skill formation (Cunha and Heckman, 

2007).   

 

There is a burgeoning literature focusing on these human capital impacts, particularly within 

economics, with several important, new findings only recently starting to emerge.  We describe 

these findings, separating them into schooling-related impacts for children and work-related 

impacts for adults.  Given the nascent nature of the literature, we do not limit our attention to 

studies with comparable levels of PM2.5 and ozone as on the Reservation, but instead broaden our 

scope to include studies with a wider range of pollutants at potentially higher levels, though 

nearly all fall within levels permissible under NAAQS.  Table 5 presents a summary of the 

discussed papers.  

 

Table 5. Review of human capital-pollution literature 

 

Author (year) time of 

study 

pollutant Mean Max Outcome 

Ransom and Pope (1992) 1985-90 PM10 50 NR elementary school absences 

Gilleland et al. (2001) 1996 PM2.5 15-

65 

NR 4th grade school absences 

Currie et al. (2009) 1996-2001 CO NR NR school absences 

Zweig et al. (2009) 1998-2005 PM2.5 12.7 28.85 elementary and middle school test 

scores 

Lavy et al. (2012) 2000-02 PM2.5 21.05 NR high school test scores 

Sanders (2012) 1981-83 TSP 61-

69 

NR high school test scores 

Hanna and Oliva (2012) 1989-93 SO2 4.46 NR worker absences 

Graff Zivin and Neidell 

(2012) 

2009-11 Ozone 47.77 86 worker productivity 

Notes: NR = not reported. Currie et al. (2009) model CO flexibly and do not present means. NAAQS for PM10 is 

150, for TSP is 75 annual mean. Almond et al. (2009) is not described in this Table since it does not focus on a 

particular pollutant. 
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Schooling-related impacts 

 

School performance studies have primarily focused on school absenteeism and test scores. 

Absences can be viewed as a proxy for child health that is more sensitive to pollution-induced 

diseases than hospital related measures or visits.  Many illnesses are not severe enough to send a 

child to the hospital, and the absence data is an opportunity to measure these illnesses.  

Furthermore, children who miss a lot of school achieve poorer grades, are less engaged while at 

school, and are more likely to drop out.   

 

In a seminal study, Ransom and Pope (1992) found that the declines in PM10 in Utah Valley that 

resulted from the closure of a steel mill lead to a significant decline in school absenteeism.  A 

drop in PM10, which includes all particles up to 10 microns, from 100 to 50 µg/m
3
 cut absences 

by over a half. Gilland et al. (2001), using the Children’s Health Study (CHS) to examine 

pollution levels in twelve southern California communities, found that a 20 parts per billion 

increase in ozone was associated with a 63 percent increase in absences. Currie et al. (2009), 

who examine how changes in pollution levels at schools over time relate to changes in absences 

at these same schools, found that increases in carbon monoxide, even at levels below NAAQS, 

lead to increased absences.   

 

For evidence linking pollution exposure with test scores, Zweig et al. (2009) link the CHS with 

California standardized test scores to examine the impact of air pollution on children’s academic 

performance.  Using a design similar to Currie et al. (2009) by focusing on within school 

comparisons over time, the authors find that that a ten percent decrease in PM2.5 raises math 

scores by .34% and reading scores by 0.21%.  The mean and maximum of PM2.5 in their sample 

is 12.7 and 28.85, respectively.  Lavy et al. (2012) use a longitudinal data set that follows high 

school students in Israel to examine the potential impacts of PM2.5.  They find that a 10 µg/m3 

drop in PM2.5 leads to a 2 percent standard deviation increase in performance on high stakes high 

school exit exams.  

 

In terms of latent impacts, Almond et al. (2009) examine the impact of prenatal exposure to 

Chernobyl fallout in Sweden, which produced exposures comparable to typical radon levels.  

They found that children born in regions of Sweden with higher fallout had no differences in 

outcomes at birth, but performed considerably worse in secondary school, particularly in 

mathematics.  Sanders (2012) finds that a 1 standard deviation decrease in prenatal exposure to 

total suspended particles, which includes all particles less than 100 µg/m3, leads to a 2-6 percent 

increase in high school test scores. 
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Workplace-related impacts 

 

In addition to the nascent evidence on schooling impacts, evidence is also beginning to emerge 

on workplace impacts. In a design similar to Ransom and Pope (1992), Hannah and Oliva (2011) 

found that the closure of a large oil refinery in Mexico City, which significantly decreased sulfur 

dioxide levels in immediately surrounding areas, lead to a significant increase in the amount of 

hours worked. Graff Zivin and Neidell (2012) focused specifically on the impacts of pollution on 

worker productivity by using a unique longitudinal data set of agricultural workers paid piece 

rate.  They found that ozone levels well below NAAQS had a significant impact on productivity, 

with a 10 parts per billion decrease in ozone concentrations increasing worker productivity by 

4.2 percent.  

 

Summary 

 

The epidemiological studies reviewed above point to a wide range of cardiovascular and 

respiratory effects, mortality, and birth outcomes at PM2.5, ozone, and SO2 levels at or slightly 

above those commonly faced by tribal members. Any increases in pollution from current levels 

are likely to have a negative impact the health status of the Tribe. Redesignation of the Bad River 

Reservation to Class I status, if successful in maintaining current pollution levels, would likely 

confer important health benefits to the members of the Tribe, members of the surrounding 

communities, and especially children, the elderly, and asthmatics.   

 

Generalizing human capital and productivity effects to the region is more difficult, but still likely 

to be important. While several of the studies discussed focus on areas with higher levels of 

pollutants than those found on the Reservation, three of the studies (Ransom and Pope, 1992; 

Zweig et al., 2009; Graff Zivin and Neidell, 2012) focus on comparable levels, with the latter 

explicitly examining effects below NAAQS.  If the same threshold logic for health effects carries 

over to human capital effects, the plausibility of human capital effects is only strengthened. 

Therefore, while more speculative, resdesignation may also benefit the human capital attainment 

and productive value of tribal members, increasing the long-term well-being of the Tribe. 
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Introduction 

 The purpose of the Clean Air Act to “protect and enhance the quality of the Nation’s air 

resources so as to promote the public health and welfare and the productive capacity of its 

population” (CAA 42 USC § 7401).  Members of the Bad River community feel that the 

quality of their abundantly endowed environment is their responsibility. As a result, the 

tribal government initiates this proposal to redesignate the air quality to protect the way of 

life and welfare of tribal citizens and community members.   As the current tribal chairman, 

Mike Wiggins (age 40), told us in our study: “It's our responsibility to try and take care of 

ourselves and protect those food sources for future generations,” and “clean air is not 

something that we ever ceded in our treaties.” 

 The thesis of this section is simple: absent a redesignation of the air quality of the 

Bad River reservation from Class II to Class I, an already endangered  socioculturally distinct 

way of life is threatened with profound compromise if not extinction entirely.  Herein we 
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describe that culturally distinct way of life that is predicated upon de facto, though not yet 

de jure, Class I status.  

 In addition to use of the relevant published ethnographic and ethnohistorical 

literature, we conducted nearly thirty hours of interviews with a total of sixteen different 

tribal members, both men and women, from the Bad River community in May of 2012, here 

referred to by name.  the Natural Resources Department of the tribe recruited community 

members from different social and age groups who were familiar with tribal resources and 

resource harvesting practices.  Insofar as de facto Class One air quality is present now at 

Bad River, the way of life described in the literature and by these tribal members 

represents what is at risk if Class I status were not achieved. Hence, to ask the question, 

what would be the effect of designating the Bad River reservation as a Class I Air Quality 

Area?, is  answered not by speculating on what might change with a change in 

administrative legal status, but by documenting what de facto Class I air quality now 

permits and encourages in the area of sociocultural practice.  

 

History of subsistence 

 Though established by the Treaty of 1854, Ojibwe people have lived in the area of 

the present Bad River reservation for hundreds of years (Warren 1885, Hickerson 1970).  

Historically the community has relied upon the rich natural resources of the lake, the 

sloughs, the river, inland lakes, and the forest for its subsistence (Danziger 1978, Levi 1956, 

Norrgard 2013).  They would fish in the spring during the spawn, harvest wild rice (Zizania 

palustris) in the early fall, fish for trout (Salvelinus namaycush) and other species in the fall, 

hunt deer in the fall and winter, as well as partridge and turkey, make maple syrup and 

sugar in the late winter.    Even before the off-reservation hunting, fishing and gathering 

rights of the Wisconsin Ojibwe were re-affirmed in federal court in 1983--which had the 

effect of stimulating more extensive subsistence activities throughout the ceded territories 

(Nesper 2012), and which we will document here below--Bad River community members 

were actively using the resources available to them on the reservation.  Handrick (1983) 

found that half the community was directly involved in gathering wild rice and hunting 
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deer, nearly three-quarters fished, with one-third eating those fish at least once a week.  

This continues a long tradition of direct engagement with the resources of the natural 

world that is the basis of contemporary Bad River Ojibwe society, despite having been 

encompassed by the dominant society and drawn into wage labor over the course of the 

last hundred and fifty years or so (Shifferd 1976). 

 As a result of multi-century presence in this particular area of the southern shore of 

Lake Superior, living on the fruits of the lake and the land, members of the community have 

a strong and deep sense of belonging to the area.  Mike Wiggins offers the following: 

 As an Anishinabe people and a Bad River tribal member here within the 

boundaries of the Bad River reservation, for everything that we know from our 

ancestral migration story, our creation story, where our ancestors were and are, we 

are home. And I...can’t say it any other way then to say I don't have the luxury of 

leaving and calling somewhere else home. I don't. This place is rooted in the 

psychological, the religious, the spiritual, the physical in terms of what we're talking 

about with food, realms of everything that I know. It's essentially in our DNA 

(emphasis added). 

 

The centrality of kinship and feasting  

 The community at Bad River, like many American Indian reservation communities 

in the state and the nation, is culturally distinct by virtue of the extent to which social 

relations are informed by a logic of kinship as opposed to a logic of contract. Furthermore, 

Bad River tribal members are distinct from their non-Indian neighbors by conceiving of 

their personal and collective security as vested in social relationships with each other 

rather than in the accumulation of capital.  Commonly true of many of the world’s hunting 

and gathering peoples, persons have obligations to each other that are validated in the 

reciprocal presentation of gifts.  The most appropriate gifts directly sustain life and are 

typically locally produced foodstuffs insofar as “our food is medicine,” according to Mike 

Wiggins.  Here at Bad River it is wild rice, venison, fish, and maple sugar primarily but also 

other hunted and gathered items or artifacts manufactured by hand from them, that is, 

items made of plant materials, feathers, furs, etc.  Some of these items also have a limited 
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commercial value.  For example, Bad River, along with the neighboring Red Cliff 

reservation in Wisconsin, have commercial fishing rights in Lake Superior as determined 

by the 1972 Gurnoe v Wisconsin decision, which has been codified into the Bad River Tribal 

Code as Section 325.  

 We give most of our attention to the activities and subsequent exchanges that are 

entailed in maintaining society at Bad River, these speaking to the direct social effects of 

the prospect of Class I Air Designation.  

 Healthy Ojibwe people in the Bad River community will go out and harvest the wild 

rice.  Thomas Pearson reports that he was repeated told in the early 1990s that “at least 

25% of the reservation residents participate in the annual traditional harvest” (1992:44). 

In fact, Section 303.1 of the Tribal Code articulates wild rice’s importance to the 

community. 

 Wild rice has been a nutritional staple for members of the Tribe for 

generations beyond memory; that wild rice continues to provide a substantial 

portion of the protein and other nutritional needs of the Tribe's members; that the 

annual harvest of wild rice is a traditional event of long-standing cultural 

importance; that high unemployment and cash-poor local economy indicate that 

wild rice will remain critical as a food source for the Tribe's members; that one 

predictable source of cash income for the Tribe's members is the sale of wild rice to 

non-residents of the reservation; and that effective regulation of both member and 

non-member harvesting of wild rice is essential for the preservation of wild rice in 

amounts sufficient to supply the economic, nutritional, and cultural needs of the 

Tribe's members.  

 

  The ethnographer Frances Densmore identified wild rice as “the chief cereal food of 

the Chippewa” (1928:313).  If at one time it was predominantly a subsistence activity, over 

the course of the last century, it has become a symbol of local Ojibwe identity as well.  

Pearson’s fieldwork at Bad River from the early 1990s was motivated by wild rice’s 

significance to the community wherein he elicited the following: 
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Traditional harvesting is also about resistance to assimilation.  Its an Indian thing.  It 

identifies us as a people.  It’s a chance for people to participate in their cultural 

tradition (1992: 42). 

 

 In the productive activity itself, the community experiences itself as a community 

because it is important that harvest activities be done in groups of related people.  The 

harvest makes society possible via the gift exchanges of rice that take place between 

persons and families.  Rice is a required ceremonial food: it must appear at life crisis rituals 

wherein persons are named, celebrate their first kills, are married, buried, as “a lot of 

families do family ceremonies for funerals” according to Daniel Wiggins (age 28), and 

funerals require four days of putting up feasts for the mourners.  As funerals are the most 

important of life’s rites of passage, and also the site of the most extensive retention of tribal 

tradition, those interviewed repeatedly referred to funerals to explain different aspects of  

a “harvest ethic,” first articulated by Lac Courte Oreilles tribal member, lawyer, long-time 

Great Lakes Indian Fish and Wildlife Commission executive administrator James Schlender, 

Sr. (1991).  Mike Wiggins said that, 

In our community we know who the harvesters are. And the harvesters are who are 

sought out when there's a death in the family. I know that if you're a harvester in 

our community, that you're sitting on enough rice to help my family out if my 

grandma dies. I know that if I need a deer that you could get me one by Saturday 

because of what you know. They (known harvesters) take care—we take care of 

each other like that (emphasis added). 

  

Jerome Powless (age 30), in a separate interview, echoes Wiggins’ point: 

Everybody eats venison around here; everybody can use it all the time.  There’s 

always feasts going on; there’s always something. If you get one, you know if you 

get a deer, there’s always somebody that always needs it. It’s something that’s 

always being put to use (emphasis added). 
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  Tony Gilane (age 50) told us that “another aspect of our culture is, there was a 

feast for everything, and there was a song for every ceremony, everything that we do. It's 

all interconnected”  (emphasis added).  Generally, whenever social responsibilities or 

privileges are changed they need to be publically validated in feasts.  This includes healing.  

According to Mike Wiggins: 

Without the ability to have feasts...healers medicines may not work the way they're 

supposed to. Without the ability to have feasts and give thanks,  a healer may not 

even be able to see where sickness is, … our ability to have ceremonies and things 

like that mark the end of everything, really; including that seasonal cycle (emphasis 

added).  

 

 Venison, fish, berries, and corn are also ceremonial foods and the expectation is that 

these foods will be present at ceremonies to the extent to which they are high quality and 

are produced locally, according to Danny Powless.  And it is simultaneously an honor and 

obligation for those capable of harvesting to contribute to these feasts.  Kathy Jensen (age 

35) spoke of her brother’s generosity:  

..like my brother does, him and his son are really big hunters so they donate a lot of 

the deer meat to the elders to families in the community if they're having a feast 

for some reason or....so it affects the whole community when just a few of the bigger 

hunters, you know...(emphasis added). 

 

 It is important that the people at the Elderly Building get rice as well as meat and 

fish, so gifts of these food are made there, according to several of the tribal members we 

interviewed.   Elders in a society where the wisdom of older people is some of the most 

valuable knowledge available (McNally 2009) are carefully attended to. 

 Speaking about the importance of this redistribution, and how it can be mistaken for 

something less laudatory, Brian Wiggins (age 55) offers the following: 

There's a couple other gentlemen that work for Great Lakes [Indian Fish and 

Wildlife Commission]. They fished a lot this year. A lot, a lot. Well they were looked 

at by some (people) as, “You are taking all this resource. Look at all these fish you're 
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catching.” They weren't with them when they (the harvesters) went out visiting or 

when they get back on their truck, you know? They go out here and they make 

sure these certain people, these certain—not just elders—people who need some 

fish (get it). They go and deliver all around and they know that if they want some 

more they'll go down fishing in the summer, catch some walleyes or whatever, but 

their particular goal at that time was to not catch everything; they were fortunate 

that they know what they're doing (emphasis added). 

   

 Apropos of the fundamental idea that Ojibwe society remains importantly 

constituted by obligations of kinship and not of contract, Brian Wiggins offers an example 

of an ambient ethic: 

I had a relative that was not in the best of health and he's one of these fishermen 

that goes way back.  He's a fisherman, but he wasn’t in that good of health to go 

down (fishing). Well...when I caught some fish, that's the first place that I went—it's 

my cousin. “Here have some fish.” It's um...it was a big thank-you and he threw me 

20 bucks for gas. You know because you need gas going up and down the river, so it 

wasn't that I caught the fish to sell 'em, but he helped me on my way and gave me 

some gas money and that was appreciated knowing that he didn't have to though. 

It's that, “Hey thanks. Thanks for some fish.” 

 

 75-year old Sylvia Cloud spoke to the fact that gifts of rice maintain community even 

with family members living at a considerable distance from the reservation.  “We have a lot 

of relatives that live away from here that my son gives rice to….relatives in Milwaukee and 

Dousman and Green Bay. I have nephews. My brother’s family lives in Green Bay…and they 

depend on us for rice.”  

 This form of social welfare—people sharing their resources with others to whom 

they are related by kinship—is a very long-standing practice.  Visiting the ancestors of this 

community in the 1850s, Johan Kohl observed the following: 

 As long as a man has anything, according to the moral law of the Indians, he 

just shares it with those who want; and no one can attain any degree of respect 

among them who does not do so most liberally (1860:66). 
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 And insofar as it is social relationships that are maintained by such liberality, it is 

the needs of social relationships that determine the quantities of resources that are 

harvested.  Brian Wiggins again: “…take what you need, you know, you don’t have to shoot 

everything. You don’t have to trap everything. You don’t have to catch everything when you 

fish. It’s based on what they need…” Shelley King (age 40) makes the point in the context of 

the importance of teaching younger people: 

…you're teaching them to not waste...you're harvesting and using what you're 

harvesting you're not just going out there and joking around and messing around 

and killing things unnecessarily, and that's something that's taught and passed 

down. That's...I mean that's a value. 

 

 Brian Nelis (age 35), an active ricer, as well as hunter and fisherman, spoke of the 

importance of teaching his children the value of ricing.  “The number one thing is our kids. 

And I want my kids to know how to do all this.  I couldn’t imagine trying to show my kids 

how to rice if there’s a big smoggy cloud out in the rice fields there.”  This, in the face of 

competition from all the other distractions of contemporary life.  Several people expressed 

concern that electronic technology in the form of cell phones, the internet, and television 

are the basis of activities that can displace traditional subsistence practices.   And this, in 

conjunction with the temporal demands of wage labor combine, hence our earlier reference 

to an “already endangered” way of life.  

 Of the cultural importance of these activities, Brian Wiggins says “ Our hunting is for 

eating, its not a sport.  Fishing is the same way.  Its not a sport to me….its a way of life” And 

a corollary of this value is the idea that humans not only live in relations of reciprocal 

exchange with each other but with all the other life forms upon which they depend. 

You know, it's a circle. Everything is here for a reason and we utilize that.  You're 

supposed to be able to put back—even if it's in thanks—the earth from what you 

take from it, and it should always be based on a need and not a want. 
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 Local Ojibwe culture is sustained by people who are healthy and by a landscape that 

is productive.  Clean air is an essential element in this scenario. 

 

Security in the land and each other 

 As we have indicated above, the desire to redesigate the Bad River reservation as 

Class I does not represent a substantive change in the current actual air quality.  People in 

the Bad River community seek to protect something that already exists. Tribal Historic 

Preservation Officer, Edith Leoso (age 45), put it eloquently:   

And we're so fortunate here at Bad River because everything is still pretty much 

in its natural state. Not if you go to other places it's been...I'm looking for—trying 

to say the right word in describing the invasion of tourism in the natural setting. It's 

almost that in some ways I look at Bad River as a wildlife sanctuary and because of 

the people—and this isn't because of this generation, this is the work of many, of our 

ancestors, who protected this area for years (emphasis added). 

 Brian Wiggins offers an example of a general principle or value that underlay Ojibwe 

practice contrasting it with that of the dominant society.  In short, it is the difference 

between finding one’s security in social relationships and in an identification with tribal 

people in the past, and finding one’s security in capital formation, specifically, having 

money:  

Because they [non-Indians]—just like this mining issue that came up—they’re 

willing to give up a natural resource for the income that it brings. And I can say with 

the tribe specifically here, and there are a couple other tribes that I've lived around, 

that it doesn’t go. They're not going to give up. Our environment versus the money 

side, they'll go without money—without a new car or whatever else amenities 

come with it. This is Mother Earth (emphasis added). 

 Danny Powless made the point that he was “raised to be self-sufficient,” meaning 

not dependent on an employer but on the skills and knowledge he learned as a son, a 

nephew, a young man, and member of a tribal community.  “Its being raised to be self-

sufficient….experiencing our culture, like the way …my ancestors lived here. Just 
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appreciating that I am doing the same things they were.  I can keep part of our culture in 

me.” 

 Edith Leoso’s reflections on the social quality of such harvesting work, or “activity”, 

as she prefers to call it, elaborates this point and introduces the importance of leadership.:  

 You have to do 'em together, or you should do them together with your 

family. Some families they still do that; they're still very traditional in their 

gathering practices and I think that it's how you hand it down to the younger 

generation… 

 …One thing I did learn and I think about it now is that before we became 

civilized and educated we…—we went to work as teams. I know that my 

grandmother …[gathered]... thirty of us altogether— grandkids—and everyday in 

the summer time she had put us and she was our team leader and she made us work 

the garden, she made us clean the fish in this rhythm and this method and she 

helped made us do the wild rice and it was all done and we were all happy doing it. 

There was no one being grouchy at hard work camp. And she made it fun and so you 

didn't even know you were working.  

 That's a real team leader. And she always kept us in good spirits. And some of 

us it was like a little competition who could clean the fish the best and who could 

clean the fish the fastest and who could dance the rice the fastest without cracking 

it. And she made it fun for us and I hope to be as good as she was with us with my 

grandchildren.  

 And so that's a couple things that I'd like to pass into the future in our 

community. Our community—our children deserve to learn that. And it's really 

teaching us, I feel like preparing, at least for me, unknowingly—I don't know if she 

even realized it, maybe she probably did, I think she realized everything—that she 

was creating leaders. She was creating leaders, and teaching us how to share; 

teaching us how to be a team; teaching us how to give up something on behalf of the 

team. And then teaching us to be grateful.  

 And even right down to picking a berry, and always that first one goes to a 

relative. And so there was a lot of different things that she taught us. And she taught 

us about not to waste. She taught us not to waste anything and to be—they were 

very in tuned with the weather patterns, and without watching the news. 

  And I hope I picked up some of that...some of that movement of the winds 

and the...so we know how our work was going to be the next day. So and actually I 
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think the other things is she taught out of that we became hard workers. And not 

look at it as work at all. You know and I think that's probably one of our cultural 

differences to non-Indians is that we didn't look at it as work, we looked at it as 

an activity.  A fun activity.  And so...other people might view it as, “Oh that's work.” 

 We indicated above that the community experiences itself as a community in these 

harvesting activities that are ultimately made possible by what some tribal members 

regard as a “pristine” environment.  Jerome Powless (age 30) waxes joyful and nostalgic, 

for his comparatively tender years, ending his commentary with an implicit identification 

with his ancestors: 

 I remember being down in the sloughs down there fishing and, you know, 

everybody’s down there fishing just like wild ricing, it’s the same thing. You know 

you go out there and you pull in your nets and there’s boats, people out waving at 

you, laughing around. It’s just a big community thing out there and a lot of people 

look forward to it.  

 It’s something else. If you come into the sloughs and you come around the 

last corner there by the line, you look and you can stand up in your boat and you can 

see all the guys out there ricing, all the boats, all the guys out there ricing and you 

stand up, same thing in spring time when there’s fishing you’ll see everybody out 

there pulling their nets.   

 You know it’s always good to (say), “Hey how’d you do?” And you know 

finding out the scoop and it’s…it’s a lot of fun.  It’s a whole community thing.  I can 

only imagine a long time ago they used to talk about down in our sloughs along 

the point up here; this used to be out on Oak Point they say they used to camp all 

along here; in the fall and in the spring stuff people fishing and everything 

(emphasis added). 

 Sylvia Cloud reflects on the joy people experience as groups socialize while ricing:  

 So there's a lot that happens, and, you know, with this ricing—it's not just going 

out there, it's like a holiday type thing that you would have, like New Years or Christmas 

or Easter, you know. It's a special time when people get together. We have relatives that 

come from Milwaukee, from out of town, and everybody looks forward to ricing and they 

all have their special hats and special things they wear...you know, mainly the hats or 

some guys will have a special shirt or something and “This is my lucky shirt. I'm not 

gonna—the canoes not gonna tip over this time. It's the lucky one.” And sometimes it 

will tip over or...[laughter].  There's all kinds of things that happen out there. You know I 
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was a young one too and went out ricing. We did too. Farmer Woody would take his 

guitar out there and sing first before he riced. [laughter]. I mean there's all kinds of things 

that go on there. 

 In 2007, the ricing season had to be cancelled by the tribal government because of 

extremely low densities and because low water levels prevented access via canoe.  

Recorded history could not document nor living memory recall a time when no rice was 

available to harvesters from the Kakagon Sloughs.  It not only compromised the Pow-wow 

that is an annual celebration of the rice harvest, it profoundly upset the Elders in the 

community who “were breaking down (as) they didn’t know what to think.  They thought it 

was like Armageddon,” according to Donald Blanchard (age 30).  We should note that wild 

rice harvests do, in fact, fluctuate over time (Jenks 1901:1095), but for there to be no new 

rice available was unprecedented.  The failure of the season to open at all was perceived in 

the context of larger concerns about global climate change and so it was particularly 

disturbing.  In Dana Jackson’s (age 55) words, “it was a dramatic departure from normal.”  

Tony Gilane reflected that the event “really agitated everybody and it got some people on 

(in conflict) each other or against each other who never were (in conflict) before.”  There 

were protests as tribal officials made the decision to actually close the sloughs to ricing.  

Mike Wiggins said that it depressed the community, made people “bicker with each other,” 

and elevated the anxiety level generally as “it manifested itself in a decline of the mental 

health and wellness of our people.”  

 What was experienced as an unprecedented event had the potential to be politically 

destabilizing even as it was episodic.  The impact of permanent closure or even 

compromise of the rice fields caused by anthropogenic environmental change would be 

devastating for the community.   

 The Pow wow itself is the Bad River community’s annual celebration and is central 

to its identity (Krouse 1992).  Tony Gilane says of the pow-wow: “I think one of the most 

important things that keeps the community connected and aware of who we are is our 

annual Pow-wow. I think that helps...because we do have a lot of young dancers, and that 

helps keep everybody [together].       Of the rice’s significance for it, Brian Nellis says, “We 

wouldn’t have nothing to celebrate if we lost our rice.  That’s what its called.  The 
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Manoomin Pow-Wow is the wild rice Pow-Wow.” The three-day celebration of dancing, 

singing, drumming, feasting and visiting renews the community as well as its ties to the 

other Indian communities in the region.   

 A growing segment of the community also hosts Midewiwin ceremonies.  These take 

place quarterly in different Ojibwe communities in the northwestern Great Lakes region 

and Bad River is an important part of that cycle commonly hosting at least one large 

ceremony every year.  As the traditional religion of the Ojibwe people, dating at least as far 

back as the late 17th century in this specific region (Hickerson 1970), the Midewiwin entails 

hosting and feasting hundreds of people.  Edith Leoso comments on the relationship 

between the capacity to harvest traditional foods at Bad River and its social and spiritual 

effects: 

 As a host, we get to share all that the Creator has given us here at Bad River. 

Our rice, our deer meat, our berries, our saplings, our ferns, so that—because we're 

blessed that they come here. And so we're able to share that with our relatives. 

 People also hunt, fish, pick berries, tap maple trees to make maple syrup and maple 

sugar.  People pick balsam (Abies balsamea ) sticks and gather birch bark (several species of 

the genus Betula) both on the reservation and in the National Forests off the reservation 

(see below) and sell them.  According to Edith Leoso, “Certain families have certain people 

who go out and harvest and that’s part of their work for the family.  They are relied upon by 

the entire family to do the harvest.  Some do this for friends and elders.”  Brian Wiggins 

speaks to the extent of his own involvement in traditional subsistence activities from the 

perspective of someone who was successful in the dominant economy as the owner of a 

resort off the reservation at an earlier time: 

 My family, my wife and we, we actually live on…[what we hunt, fish and 

gather]. We were very fortunate at one time as far as wealth wise I guess you’d call 

it…that doesn’t exist right now, our wealth is in our minds...our knowledge of 

what we do. We pretty much fish, we hunt, and we plant our garden, we pick our 

berries. Now, berry picking is coming up, our plan right there. But we have our areas 

and we’re starting to check them out. And we make—I do the jellies and stuff like 

that...jams.   
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 So there are certain people we know [who] can’t get out or get over there [to 

harvest].  So we stay not for the two or three [hours] but we’ll stay the whole day 

and if someone saw it we’d look like little pigs with all the buckets we’re bringing 

out.  Like I said, they don’t know that this is going to a lot of people. [Its] Just [that] 

we are there and we can get it (emphasis added). 

 Bob Powless  (Elder over 65) speaks to the salutary effects of spending a lot of time 

outside and not just doing productive traditional work like hunting, fishing and gathering, 

but also running bicycling and walking.  He attributes his good health in his mid-80s to his 

inclination to do this, made possible, of course, by living in a place where this is possible in 

part because of the clean air.  Asked directly about the need for the legal protection that 

would come under a Class I designation, Danny Powless offered the following:  

“…if the air pollution were to increase and stuff like that, it would slow our people 

down from doing our cultural things. It would be a big time...I don't know. It would 

slow us down from what we do. Fishing, wild ricing, hunting...and this is what we 

are used to doing and this is our lifestyle. Protect it.  

 In 2006, Pope and Dockery concluded that  “a comprehensive evaluation of the 

research findings provides persuasive evidence that exposure to fine particulate air 

pollution has adverse effects on cardiopulmonary health” (2006: 709).  Good 

cardiopulmonary health is the condition of the possibility of continuing to muster the sheer 

physical effort that is required for all of the phases of wild rice production.  Canoes need to 

be poled through the rice fields on the waters so that those who knock the rice into the 

canoe bottoms with their rice sticks can harvest.  Hundreds of pounds of rice are dried, 

parched, winnowed and most of this work is done manually.  The same can be said of 

hunting deer by driving them through the woods, or tracking bobcat, fisher, and otter.  

Tapping maple trees in the late winter and carrying buckets full of the sap is pleasurable 

and shared, but it is also hard physical work.  Standing in the prow of small motorized 

boats, wielding a fishing spear that is ten feet long, and spearing dozens of walleyed pike 

(Sander vitreus) on evening when the air temperatures are typically in the 40s, requires 

endurance, patience, and upper body strength though most on-reservation Bad River 

spearing takes place with spearers wading at the Bad River Falls, which is also a physically 

demanding practice requiring good cardiopulmonary health.  
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 The clarity of the air is read as an index of the health of the environment generally 

by people at Bad River as they look across the water to Madeline Island, the site of the 

ancient metropolis of the Ojibwe where their traditional religion was practiced in “its 

purest and most original form” (Warren 1885:80), and as they look up into the skies.   The 

density of regulated air pollutants implicates the visibility of the island and of celestial 

objects, elemental features in a culturally specific viewshed that have important 

implications for the forming of Anishinabe persons  Reflecting on aspects of this, Mike 

Wiggins spoke at length: 

 Things such as smog, visibility, the ability to see horizons that are associated with 

Lake Superior and  things like that, are huge for me as an anishinabe person. Um, I'll say 

this, that air quality is also increased visibility, and as an anishinabe person, as much as 

we are characterized as Woodland Indians, I see us as people of that water with a heavy 

influence from sky watching, horizons, and the cosmos. And that ties directly into my 

religious background' it ties into my beliefs regarding our origin, our history, my 

ancestors, and...and visions really. It affects me deeply on a personal level to be able to 

see that stuff in crystal clear quality because, when you think about where we live, we 

have a lot of woods, our communities don't have a lot of southern exposure the way 

they're structured, but when we get into these horizon areas and...in places where we can 

see the sky—we're not like Lakota Plains people where every day is big sky country—we 

catch in large part snippets of horizons and glimpses into beautiful expanses like that. 

Those are, to me, incredibly important and vital for a good quality of life, bimaadiziwin—

good life—because the woods and the fact that we spend—we're up in the north country 

where winters are still winter—and if you look at how those types of snippets in four or 

five second glimpses sometimes, or evenings when you spend some time along those 

open horizons here, can impact us.  It's even accentuated when you think of the fact that 

we spend so many months with limited sun, light, and...you know the easy way to say it 

is to look at it through a Seasonal Adjustment Disorder  filter, and those types of 

expanses are incredibly important. And I think a lot of times that type of thing is 

overlooked and how important it is for personality development of our children; how 

important it is for health and wellness for all of us; but seeing some of those thunder 

boomers roll in, and knowing some of our teachings about thunder birds and their roll, 

and some of the teachings about how little people come out and make the grandfather 

stones that are Lake Superior during some of these big storms, that sky watching is 

cosmic man, it's connected, and it's every bit as important and relative as putting down 

tobacco. And...I know...from doing that, it's already amazing how many chemical trails 

there are in the sky.   
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Harvesting off the reservation 

 The commitment to harvesting natural resources for both subsistence and 

commercial purposes extends to the hinterland of the reservation, that is, off the 

reservation on the lands that were ceded to the federal government before the reservation 

were created. Not only do the resources in the region need to be healthful, the people who 

undertake these activities need to be healthy as well. 

 In 1983, the 7th Circuit Court reversed and remanded a decision of the Western 

District that had the effect of causing the state of Wisconsin and the Ojibwe signatories of 

the treaties of 1837 and 1842--which stipulated for continued use of resources in the lands 

they ceded in those treaties—to negotiate a series of agreements that accommodated tribal 

harvests of many of the animals, plants, and fish found throughout those territories.  Bad 

River tribal members have harvested such resources on those lands that effectively 

constitutes the familiar hinterland of their reservation.  The six Ojibwe bands that are the 

political successors of the treaty signatories created the Great Lakes Indian Fish and 

Wildlife Commission, an intertribal natural resource agency, in 1984.  The Commission 

works to facilitate those harvests and provides natural resource management expertise, 

conservation enforcement, legal and policy analysis, and public information services in support 

of the exercise of treaty rights during well-regulated, off-reservation seasons throughout the 

ceded territory (GLIFWC.org 2012).  

 The Commission publishes technical reports of its research activity and documents  the 

nature and extent of the harvests as undertaken by tribal members of the eleven bands that form 

it.  We draw from those reports in the following discussion of Bad River’s tribal members 

harvesting activities beyond the boundaries of the Bad River reservation.  And given that the 

focus of the proposed Air Quality Redesignation is the reservation itself, it should be 

remembered that insofar as the exercise of the off-reservation hunting, fishing and gathering 

rights have been referred to as a “rich man’s activity” by Erv Soulier (2009), tribal member at 

Bad River-- because it costs money to travel--the public lands that are harvested most 

consistently and regularly by Bad River tribal members are those nearby the Bad River 

reservation itself, that is, within its air shed.  
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 For every year between 1995 and 2010, between 25 and 75 Bad River tribal members 

Bad River tribal members—and an average of 40-- speared walleye and muskellunge in lakes in 

the ceded territories, typically in the ten counties nearest the reservation. .  In two-week spring 

spearfishing season of 2011, Bad River tribal members took 2461 walleyes. And all of these 

figures have not fluctuated considerably in the past 25 years (White 2012). We take this 

harvesting practice as an index of the importance of a commitment to a traditional mode of life 

as this volume of fish represents hundreds of meals and the makings of scores of feasts, the 

social and cultural significance of which we detailed above.  

 The community is also committed to hunting terrestrial species in the ceded territories.  

In 2010 for example, tribal members were able to hunt deer for 117 days between September 7 

and January 12.  113 Bad River band hunters were successful in harvesting deer during that 

season.  A total of 156 deer were registered at the Bad River registration station, and though 

some of those deer were registered by tribal members from other bands, similarly Bad River 

tribal members also registered deer at one of the eight other deer registration stations within the 

ceded territory where they retain usufructuary rights.  Ten bears were harvested by Bad River 

tribal members in 2010 (Gilbert 2012) as well.  

 As we indicated above, Bad River shares rights to fish commercially in Lake Superior 

using gill nets with other treaty signatories and has exercised this right since the 1985.  In 2010, 

Bad River band commercial fishermen lifted 316,800 feet of gill net, taking 40,684 pounds of 

whitefish, 1413 pounds of lake trout, and 144 pounds of siscowet, another measure of their 

dependence on local resources.  Over the 25 years of commercial harvesting, the average for all 

three tribes has been 474,000, (Mattes 2011). 

 Under the agreements with the state engendered by Voigt, the aforementioned federal 

court decision, all of the Ojibwe tribes, including Bad River have been trapping otter, fisher, and 

bobcat in the 1837 and 1842 ceded territories since 1996.  In 2010, seven bobcats, two otters and 

two fishers were taken by Bad River tribal members (Gilbert 2011). The furs of these animals 

enter the traditional economy and appear as ceremonial objects and trimming on ceremonial 

clothing thus constituting a necessary element in the social and cultural reproduction of the 

community.  



 

Appendix G: Social Effect Analysis     Page 18 

 Beginning in 1995, GLIFWC member tribes and the United States Forest Service have 

negotiated agreements to facilitate tribal subsistence and commercial harvests of certain 

resources—conifer boughs, princess pine, ginseng, firewood, birch bark--on National Forest 

Lands.  In 1998, the tribes and the USFS signed a memorandum of agreement that covered 

several national forests, the Chequamegon National Forest among them, which lay in the 

immediate hinterland of Bad River Reservation  to the east and the south, and on the average, 

less than twenty miles away.  Natural Resource Harvest permits have been steadily increasing 

since 2003 with the exception of one year. During the 2009-2010 season for example, 240 

permits were issued to Bad River Tribal members.  Bad River received 28 commercial permits 

for conifer boughs, 18 for princess pine and 18 for ginseng during this season and though tribal 

members also harvested in the Hiawatha, Huron-Manistee and Ottawa National Forests, the 

plurality of permits were issued for the Chequamegon-Nicolet National Forest (Wrobel 2011).  

  The political will to negotiate such agreements with the federal government and the 

exercise of this right on the parts of tribal members are measures of the depth and extent of the 

commitment some significant part of the community has to the maintenance of traditional 

harvesting practices.  These activities are only possible if both the natural resources and the 

people themselves are in good health and the quality of the air has important implications for 

that.  

 

Conclusion 

 Eighteen years ago, in 1994, the Forest County Potawatomi filed a technical report 

(1994:61) with the EPA seeking to redesignate the air quality status on the reservation.  The 

report quoted from an unidentified EPA assessment of environmental issues as they relate to 

social and cultural matters that asserted that the Indians in Wisconsin “have a lifestyle, culture, 

values and an environment different from most Americans.”  We not only make that same 

assertion herein, we provide extensive empirical proof of those differences in the narrative above 

as we explicitly articulate the significance of the natural resources that are harvested for the 

integrity of Bad River society and Ojibwe culture.  We have drawn upon current and past 

ethnographic and authoritative documentary sources to argue for the importance of maintaining 
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the atmospheric conditions that are necessary to maintain the current environment and are 

necessary to maintain the physical health of a local population committed to the harvesting of the 

resources that make up that environment.  

 The rather brief Social Effects section of that 1994 report did however, conclude with 

claims that we find to be salient today and so we repeat them in summary form here.  Upgrading 

designation to a Class I area does not guarantee that the tribe will be able to maintain their 

resources in a pristine condition, it is, however, an important resource management tool that 

make it possible for this tribe that is dedicated to extending its commitment to self governance to 

protect resources for future generations.  Even more comprehensively, as the provisions of the 

Clean Act that permit tribal air quality management serve the federal Indian policy of Self-

Determination--a policy that has been embraced by both Republican and Democratic 

administrations for the past four decades.   Designation of the Bad River reservation as a Class I 

air quality area demonstrably manifests this joint tribal and federal goal.   
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acfm Actual Cubic Feet per Minute

AMS American Meteorological Society

ANC Acid Neutralizing Capacity

AQRV Air Quality Related Values

BACT Best Available Control Technology

BTU/hr British Thermal Units per Hour

CAA Clean Air Act

CEC Cation-exchange Capacity

CFR Code of Federal Regulations

DOI United States Department of Interior

EIS Environmental Impact Statement

ELF Epithelial Lining Fluid

EPA United States Environmental Protection Agency

FIP Federal Implementation Plan

FGS Flue Gas Desulfurization

FLAG Federal Land Managers' Air Quality Related Values Work Group

FLM Federal Land Manager

GIS Geographic Information Systems

GLIFWC Great Lakes Indian Fish and Wildlife Commission

GLITEC Great Lakes Iter-Tribal Epidemiology Center

GTAC Gogebic Taconite LLC, Cline Resource and Development Group

km kilometers

LADCO Lake Michigan Air Directors Consortium

Mg Magnesium

mi miles

MI Michigan

MM5 Mesoscale Meteorological Data

List of Acronyms



MMBtu/hr Million British Thermal Units per Hour

MN Minnesota

MPCA Minnesota Pollution Control Agency

MW Megawatts

NAAQS National Ambient Air Quality Standards

NCDC National Climatic Data Center

NOAA National Oceanic and Atmospheric Administration

NPS National Park Service

PM Particulate Matter

PM2.5 Fine Particulate Matter (particle diameter of 2.5µ or less)

PM10 Coarse Particulate Matter (particle diameter of 10µ or less)

PSD Prevention of Significant Deterioration

RAMSAR Convention on Wetlands of International Importance signed in 1971

SNCR Selective Non-catalytic Reduction

TAC Total Allowable Catch

TAS Treatment (in the same manner as) a State

tpy Tons per Year

TSP Total Suspended Particulates

US United States

USDA United States Department of Agriculture

USEPA United States Environmental Protection Agency

USFS United States Forest Service

USGS United States Geological Survey

USC United States Code

WI Wisconsin

WDNR Wisconsin Department of Natural Resources

WHO World Health Organization

List of Acronyms



Al Aluminum

Ca Calcium

CO Carbon Monoxide

H Hydrogen

H2S Hydrogen Sulfide

H2SO4 Sulfuric Acid

HNO3 Nitric Acid

K Potassium

Na Sodium

NH3 Ammonia

Nox Nitrous Oxides

O3 Ozone

SO2 Sulfur Dioxide

VOC Volatile Organic Chemical

Elements and Compounds
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Map of the Bad River Reservation 
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Wind Rose from Odanah, Bad River Reservation 
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Plant and Animal Names in the Ojibwe Language 



 



English Ojibwe

Red Cliff Reservation Gaa Miskwaabikaang Ishkonigan

Lake Superior Gichi Gami

South Shore of Lake Superior Gichi Gami Zhaawan Agaming

Bad River Mashkiziibii, Maazhiziibii

Bad River Reservation Mashkiziibii Shkonigan

Madeline Island Moningwanekaaning

Rainbow Lake Wilderness Nagweyaabzaaga'iganan Bagwadakamig

Odanah Odena

Kakagon River Ogaakaa Gami

Penokee-Gogebic Range Opinakii-Googiibiig Bikwadinan

White River Waabishkaa ziibii

Lac du Flambeau Reservation Waaswaaganing Ishkonigan

Chequmegon Bay Wiikwed

resources aabajichiganan 

environment anishinabe aki 

air bagidinaamowin

water nibi

air quality zazegaa bagidinaamowin

water quality zazegaa nibi

red pine bapakwanagemag

balsam fir bigiwaatig

eastern hemlock gaagaagimizh

black spruce gaawanzh

white cedar giizhik

sugar maple ininnaatig

ironwood maananoohs

balsam poplar maanazaadi

green ash makominagaawaawanzh

tamarack mashkiigwaatig

hawthorn miinehsiwaatig

red oak mitigomizh

jack pine okikaandag

black willow oziisigobimizh

white spruce shingob

white pine shingwaak

rock elm waabaniib

paper birch wigwaasimitig

basswood wiigob

yellow birch wiinizik

boxelder zhaashaagobiimag

red maple zhiishiigimiwanzh



English Ojibwe

yellow perch asaawe

largemouth bass ashigan

northern pike ginoozhe

lake trout maanameg

brook trout maazhamegos

lake sturgeon name

walleye ogaa

North American beaver amik

gray wolf ma'iingan

black bear makwa

wood turtle mishiike

moose mooz

white-tail deer waawaashkeshii

ruffed grouse bine

common loon maang

American black duck makadezhiishiib

bald eagle miigizi

American bittern mooshka'osi

belted kingfisher ogiishkimanisii

long-eared owl wewen jiganoo

hazlenut bagaan

red elderberry bapaashkijiigizigan

common milkweed ininiwizh

snowberry ma'iinganaatig

spreading dogbane midewi jiibik

wild rice minomin

speckled alder miskwaabiimagaatig

large-leaved aster namegosibag

wild black cherry ookwemin

potato opin

wild onion shigaagaawazh

chokecherry wiisagipogosimin

high bush blackberry zaagaakominagaazh



 


